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George Hall Hogeboom 


1913-1956 


The sudden death of George Hall Hogeboom on July 5, 1956, following a minor 
operation, came as a great shock to his family, his colleagues, andhisfriends. Although 
he had passed his forty-third birthday only a few months earlier, George had already 
achieved international recognition for his fundamental work in cytochemistry. 
Indeed, his contributions to the elucidation of cell function by the isolation and 
biochemical characterization of subcellular structures were so important that his 
name will undoubtedly go down in modern scientific history as one of the founders 
of this comparatively new and highly active branch of cytochemistry. His death, 
at the zenith of his career, is a great loss. 

George was born on April 26, 1913, in Springfield, Missouri, and spent a memorable 
boyhood there. He loved Springfield and the nearby Ozarks deeply, and despite 
the fact that he came to know many other places, both in this country and abroad, 
he always harbored a desire to settle down in Springfield some day. He had early 
contact with the practice of medicine through his father, who was a well-known 
surgeon, but because his father died of cancer he decided to devote his life to cancer 
research rather than to medical practice. 

George received his early education at Washington University in St. Louis. 
Despite the fact that he planned to study medicine later, he was greatly interested 
in chemistry and made this his major field. He was graduated from Washington 
University in 1935 and entered The Johns Hopkins University School of Medicine, 
from which he received his medical degree in 1939. He became a member of Phi 
Beta Kappa while at Johns Hopkins and was also the youngest man ever to be 
admitted to Alpha Omega Alpha, the honorary medical society. After serving as 
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an intern at The Johns Hopkins Hospital, he was awarded the William Stewart 
Halsted Fellowship in Surgery and, under the aegis of Professor A. R. Rich, was 
placed in charge of the Surgical Pathology Laboratory. 

His entrance into research came in 1941, when he was appointed to the staff of the 
Rockefeller Institute for Medical Research in New York and was assigned to the 
laboratory of Dr. James B. Murphy, one of the pioneers in cancer research. Follow- 
ing a biochemical study of the enzymes involved in the production of melanin in a 
mouse melanoma, the war intervened, and from 1942 to 1945 George was called 
upon to do research on mustard gas and other vesicants by the Office of Scientific 
Research and Development. Later he served with the Dugway Proving Ground 
Mobile Chemical Warfare Service Unit in Florida as chief of the laboratory section 
and assistant to the commanding officer. Here he was responsible for the complete 
reorganization of the laboratory into an efficient working unit. 

Upon his return to the Rockefeller Institute, George was drawn into research 
problems of wide scope. He collaborated on the isolation and purification of anti- 
biotics and on the separation and biochemical characterization of subcellular tissue 
components. He was also actively interested in tissue culture and in the examina- 
tion of such cultures and of isolated subcellular structures with the electron micro- 
scope. 

His main research interest, however, and the one that was to engross him for the 
rest of his life, was concerned with the isolation of subcellular structures from tissues. 
In this field he contributed much to both theory and practice. The work for which 
he is best known resulted from the discovery in 1947 that, by using hypertonic 
solutions of sucrose, morphologically and cytologically intact mitochondria could 
be isolated from liver tissue. Furthermore, he was able to show that many of the 
important respiratory enzymes of the liver cell were localized exclusively in the 
isolated mitochondria. These findings gave substance to speculations that cytolo- 
gists and cell physiologists had entertained for decades; namely, that these ubiqui- 
tous intracellular granules were the center of respiration and energy production in 
the cell. The experiments were, in effect, a wedding of the sciences of cytology 
and biochemistry and laid a firm foundation for a new branch of cytochemistry 
called cell fractionation. Today, cell fractionation, in one form or another, is being 
being used by literally hundreds of scientists throughout the world to study the 
chemical composition and biochemical functions of mitochondria and other subcellu- 
lar structures under normal and pathologic conditions. 

In 1948, at the behest of Dr. Harry Eagle, then Scientific Director of the National 
Cancer Institute, George joined the staff of the Institute to organize a new laboratory 
to be devoted to cell-fractionation studies of normal and malignant tissues. He 
served as head of this unit until his death. While at the National Cancer Institute 
he continued his experiments on mitochondria, making extensive studies of their 
enzymatic functions, chemical composition, and physical organization. This work 
was also extended to liver tumors, and it was found that these tumors were greatly 
deficient in mitochondria and in the enzymes and other proteins that these granules 
normally contained. One of his most important recent accomplishments was the dis- 
covery that one of the key coenzymes involved in cellular oxidations and reductions, 
diphosphopyridine nucleotide, was synthesized exclusively in the nucleus of the cell. 
This is the first nuclear function to be defined in precise biochemical terms. 
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In recent years, George was unable to devote as much time to laboratory work as 
he would have liked. Although he was primarily a laboratory man, the constant 
invitations to lecture and to review progress in his field made serious inroads on the 
amount of time he could spend in the laboratory. Four years ago, he was incapaci- 
tated by tuberculosis, but reached complete recovery following treatment and sur- 
gery. At the time of his death, he had completed plans to lecture in Copenhagen 
and to spend a sabbatical at the University of Brussels with Professor Albert Claude, 
with whom he had collaborated at the Rockefeller Institute. 

Among the qualities which contributed to George's success as a scientist and as a 
man was his remarkable ability to penetrate to the heart of a problem. He was 
quick to detect false or misleading ideas and inconclusive experimental approaches. 
Once he had reached a decision about an experiment, he would “take the bull by the 
horns,” as he was fond of saying, and spare no effort in its completion. As a result, 
his experiments were characterized by a thoroughness that has made his findings 
withstand the test of time. George was also outspoken. He did not believe in 
mincing words and did not hesitate to criticize others. But he was at least as critical 
of himself as he was of other people and was always the first to point out the flaws 
and limitations of his own work. His honesty and sincerity earned the respect of all 
who knew him. George was also noted for his willingness to help other people. He 
was always ready to listen to someone else's troubles and to offer sound advice. He 
gave generously of his time in the service of others and did not hesitate to offer more 
tangible assistance whenever he could. Although he led a fairly large group of junior 
and senior investigators, he not only scrupulously avoided directing their research, 
but also vigorously championed their right to work independently. 

George met his wife, Leslie, at the Rockefeller Institute where she was working as 
a secretary and medical technician in the same laboratory. They were married in 
1942, and Leslie developed and maintained a deep and active interest in George’s work 
throughout their marriage. George and Leslie had four children: Jan, Gail, George, 
Jr., and Thomas. Outside the laboratory George had many interests. He was a 
connoisseur of good food, drink, and music and loved to play poker. He and several 
of his colleagues met every other Friday evening to match wits in the game. George 
was also fond of sports of all kinds but his favorite was golf. He was an exceptionally 
good golfer and at one time was the Missouri Amateur Champion. Although he had 
few opportunities to play during the last few years, when he did, he managed to score 
in the 70's or low 80's with little effort. 

Those of us who were fortunate enough to have the privilege of working with 
George have felt his loss keenly. We will especially miss the frequent and informal 
chats we had with him, his uninhibited expressions, his understanding, his courage, 
and his generosity. 


Walter C. Schneider 
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1942-1945 


Mammalian tyrosinase and dopa oxidase. (With M.H. Adams.) J. Biol. Chem. 145: 273-279. 1942. 

A method for delivering equal amounts of fluids of differing physical properties. (With P. D. McMaster.) 
Formal Progress Report, OSRD. No. 683, Division9, NDRC. 1942. 

The development of methods for testing the abilities of agents to combat the effects of mustard gas, H, 
and other vesicants upon the skin. (With P. D. McMaster, M. B. Sulzberger, R. L. Baer, and A. 
Kanof.) OSRD NDRC Division 9 Report No. 4853. 1945. 

A search for decontaminating and treatment agents for skin exposed to mustard gas, H. (With P. D. 
McMaster, M. B. Sulzberger, R. L. Baer, and A. Kanof.) OSRD NDRC Division 9 Report No. 4854. 
1945. 

I. The necrotizing action of certain substances related to mustard gas, H, or the nitrogen mustards. 
(With P. D. McMaster, M. B. Sulzberger, R. L. Baer, and A. Kanof.) OSRD NDRC Division 9 
Report No. 4852. 1945. 

Il. A comparison of the vesicant action exerted upon human skin by mustard gas, H, and by mixtures 
of H with wetting agents or solvents. (With P. D. McMaster, M. B. Sulzberger, R. L. Baer, and A. 
Kanof.) OSRD NDRC Division 9 Report No. 4852. 1945. 

The inhibition of vesiculation in mustard gas, H, and lesions of human skin by BAL. (With P. D. 
McMaster, M. B. Sulzberger, R. L. Baer, and A. Kanof.) OSRD NDRC Division 9 Report No. 5027. 
1945. 

Changes in the circulation and in the permeability of vessels within and about mustard gas and lewisite 
lesions of rabbit skin. (With P. D. McMaster, M. B. Sulzberger, R. L. Baer, and A. Kanof.) OSRD 
NDRC Division 9 Report No. 5026. 1945. 


1946-1948 
Succinic dehydrogenase of mammalian liver. J. Biol. Chem. 162: 739-740. 1946. 


The distribution of cytochrome oxidase and succinoxidase in the cytoplasm of the mammalian liver cell. 
(With A. Claude and R. D. Hotchkiss.) J. Biol. Chem. 165: 615-629. 1946. 


Use of the “counter-current distribution” technique for the isolation of biologically active principles. 
(With L. C. Craig.) Federation Proc. 5: 138. 1946. 


Identification by distribution studies. VI. Isolation of antibiotic principles from Aspergillus ustus. (With 
L. C. Craig.) J. Biol. Chem. 162: 363-368. 1946. 


Separation and characterization of some penicillins by the method of counter-current distribution. (With 
L. C. Craig, F. H. Carpenter, and V. duVigneaud.) J. Biol. Chem. 168: 665-686. 1947. 


The isolation of morphologically intact mitochondria from rat liver. (With W. C. Schneider and G. E. 
Palade.) Proc. Soc. Exper. Biol. & Med. 65: 320-321. 1947. 


The distribution of cytochrome c and succinoxidase activity in rat liver fractions. (With W. C. Schneider 
and A. Claude.) J. Biol. Chem. 172: 451-458. 1948. 


Cytochemical studies of mammalian tissues. I. Isolation of intact mitochondria from rat liver; some 
biochemical properties of mitochondria and submicroscopic particulate material. (With W. C. 
Schneider and G. E. Palade.) J. Biol. Chem. 172: 619-635. 1948. 


Purification of diphosphopyridine nucleotide by counter-current distribution. (With G. T. Barry.) 
J. Biol. Chem. 176: 935-948. 1948. 


1949-1951 


Cytochemical studies of mammalian tissues. II. The distribution of diphosphopyridine nucleotide- 
cytochrome c reductase in rat liver fractions. J. Biol. Chem. 177: 847-858. 1949. 
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Intracellular distribution of enzymes. V. Further studies on the distribution of cytochrome c in rat 
liver homogenates. (With W. C. Schneider.) J. Biol. Chem. 183: 123-128. 1950. 

Sonic disintegration of isolated rat liver mitochondria. (With W. C. Schneider.) Nature 166: 302-305. 
1950. 

Intracellular distribution of enzymes. VI. The distribution of succinoxidase and cytochrome oxidase 
activities in normal mouse liver and in mouse hepatoma. (With W. C. Schneider.) J. Nat. Cancer 
Inst. 10: 969-975. 1950. 

Intracellular distribution of enzymes. VII. The distribution of nucleic acids and adenosinetriphusphatase 
in normal mouse liver and mouse hepatoma. (With W. C. Schneider and H. E. Ross.) J. Nat. Cancer 
Inst. 10: 977-982. 1950. 

Intracellular distribution of enzymes. VIII. The distribution of diphosphopyridine nucleotide-cyto- 
chrome c reductase in normal mouse liver and mouse hepatoma. J. Nat. Cancer Inst. 10: 983-987. 
1950. 

Cytochemical studies of mammalian tissues. III. Isocitric dehydrogenase and triphosphopyridine 
nucleotide-cytochrome c reductase of mouse liver. (With W. C. Schneider.) J. Biol. Chem. 186: 417- 
427. 1950. 

Cytochemical studies of mammalian tissues. The isolation of cell components by differential centrifuga- 
tion. (With W. C. Schneider.) Cancer Res. 11: 1-22. 1951. 

Proteins of liver and hepatoma mitochondria. (With W. C. Schneider.) Science 113: 355-358. 1951. 

Separation and properties of cell components. (American Society of Biological Chemists Symposium on 
Cytochemistry.) Federation Proc. 10: 640-645. 1951. 


1952-1953 
Cytochemical Studies. IV. Physical state of certain respiratory enzymes of mitochondria. (With 
W. C. Schneider.) J. Biol. Chem. 194: 513-519. 1952. 


Cytochemical Studies. V. On the isolation and biochemical properties of liver cell nuclei. (With 
W. C. Schneider and M. J. Striebich.) J. Biol. Chem. 196: 111-120. 1952. 


Intracellular distribution of enzymes. IX. Certain purine-metabolizing enzymes. (With W. C. 
Schneider.) J. Biol. Chem. 195: 161-166. 1952. 


Synthesis of diphosphopyridine nucleotide by cell nuclei isolated in aqueous media. (With W. C. 
Schneider.) Nature 170: 374-375. 1952. 


Cytochemical studies. VI. The synthesis of diphosphopyridine nucleotide by liver cell nuclei. (With 
W. C. Schneider.) J. Biol. Chem. 197: 611-620. 1952. 


Intracellular distribution of enzymes. X. Desoxyribonuclease and ribonuclease. (With W. C. 
Schneider.) J. Biol. Chem. 198: 155-163. 1952. 


Enzymatic and chemical studies on the livers and liver mitochondria of rats fed 2methyl- or 3’-methyl- 
4-dimethylaminoazobenzene. (With W. C. Schneider, E. Shelton, and M. J. Striebich.) Cancer 
Res. 13: 285-288. 1953. 


Intracellular distribution of enzymes. XI. Glutamic dehydrogenase. (With W. C. Schneider.) 
J. Bul. Chem. 204: 233-238. 1953. 


Localization and integration of cellular function. (With W.C. Schneider and M. J. Striebich.) Cancer 
Res. 13: 617-632. 1953. 


On the nuclear envelope. (With W. C. Schneider.) Science 118: 419. 1953. 


1954-1956 
A sampling technique for determining sedimentation constants. (With E. L. Kuff.) Federation Proc. 
13: 231. 1954. 


Sedimentation behaviour of proteins and other materials in a horizontal preparative centrifuge. (With 
E. L. Kuff.) J. Biol. Chem. 210: 733-751. 1954. 


The sedimentation behaviour of alcohol dehydrogenase and urease in crude solutions. (With E. L. Kuf 
and M. J. Striebich.) J. Biol. Chem. 212: 439-448. 1955. 


vor 








SPL LG PP GPPAAADAAI AA AAD AD AAADAADAAAAAAAAAAA AA AA AAA AAA A.A. A.A. a. a 


The cytoplasm. (With W. C. Schneider.) In Chargaff and Davidson, The Nucleic Acids. New York, 
Academic Press. pp. 199-240. 1955. 


Fractionation of cell components of animal tissues. In Colowick and Kaplan, Methods in Enzymology. 
New York, Academic Press Vol. 1., pp. 16-19. 1955. 

The isolation and biochemical properties of liver mitochondria. (Symposium of VIII International Con- 
gress for Cell Biology.) In Fine Structure of Cells. Groningen, The Netherlands, P. Noordhoff. 1955. 


Studies on the relationship between the enzymatic synthesis of glutamine and the glutamyl transfer 
reaction. (With L. Levintow, A. Meister, and E. L. Kuff.) J. Am. Chem. Soc. 77: 5304. 1955. 


Relation between cell structure and cell chemistry. (Presented at the open joint session of Federation of 
American Societies for Experimental Biology.) (With E. L. Kuff.) Federation Proc. 14:633-638. 1955. 


Centrifugal, biochemical, and electron microscopic analysis of cytoplasmic particulates in liver homo- 
genates. (With E. L. Kuff and A. J. Dalton.) J. Biophys. & Biochem. Cytology 2: 33-54. 1956. 


Biochemistry of cellular particles. (With W. C. Schneider.) Ann. Rev. Biochem. 25: 201-224. 1956. 

Sedimentation and biochemical characteristics of cytoplasmic particles. (With E. L. Kuff.) In Enzymes: 
Units of Biological Structure and Function. New York, Academic Press. Pp. 235-251. 1956. 

Cytochemical studies. VII. Localization of endogenous citrate in rat liver fractions. (With W. C. 
Schneider and M. J. Striebich.) J. Biol. Chem. In press. 

Sedimentation behaviour of serum lactic dehydrogenase. (With B. R. Hill and E. L. Kuff.) Proc. Soc. 
Exper. Biol. & Med. 92: 430-433. 1956. 


Recent approaches to the cytochemical study of mammalian tissues. (With E. L. Kuff and W. C. 
Schneider.) Ann. Rev. Cytology. In press. 











Histochemical Characteristics of Intra- 
splenic Ovarian Transplants in Gon- 
adectomized Rats '? 


HELEN WENDLER DEANE*® and Don W. Faw- 


ceTT, *°:® Department of Anatomy, Harvard Medical 
School, Boston, Massachusetts 


The application of a group of histochemical techniques to normal rat 
ovaries in different phases of the estrous cycle established the value of such 
methods for identifying the various tissue components of the ovary and 
for assessing their physiologic activity (2). In the present study, several 
of these same methods have been applied to experimentally induced 
ovarian tumors. The tumors were produced by transplanting pieces of 
ovary into the spleens of gonadectomized rats. It is believed that transfer 
of ovary to a site drained by the portal vein results in inactivation of most 
of the ovarian hormones by the liver before they reach the general circula- 
tion (3). In consequence, there is an increased output of gonadotrophins 
by the anterior pituitary, and, under this influence, the transplanted 
ovarian tissue enlarges and eventually loses its normal organization (4-14). 


Materials and Methods 


Male and female Sprague-Dawley (Hisaw) rats, approximately 2 
months old, were gonadectomized, and 1 ovary was inserted beneath the 
capsule on the lateral aspect of the spleen. Two groups of control animals 
were employed: (a) ovariectomized female rats in which the transplanted 
ovary was placed beneath the kidney capsule, and (6) others in which the 
implant was placed deep in the left lobe of the liver. 

At approximately bimonthly intervals for most of the females, but at 
monthly intervals for those killed within a few months after operation, 
vaginal smears were made for 5 successive days in order to determine 
whether the hosts displayed a persistent anestrous smear or showed 
periodic vaginal cornification. When cornification was observed, it was 
assumed that there was a considerable amount of circulating estrogen (14). 

The 12 rats bearing transplants to the kidney were killed after 1 to 10% 
months. The 5 rats with transplants to the liver were killed after 3 to 6 


' Received for publication June 4, 1956. 

? Supported in part by an institutional grant to Harvard University from the American Cancer Society, Inc. 
A preliminary report was read before the American Association of Anatomists (1). 

+ Present address: 387 Harvard Street, Cambridge, Massachusetts. 

* Research carried out during the tenure of a Lederle Medical Faculty Award. 

5 Present address: Department of Anatomy, Cornell University Medical College, New York, N. Y. 

* We are especially indebted to Mrs. Pauline R. Noble for assistance in the care of the animals and for making 
Most of the histochemical preparations. Mr. Leo J. Talbert prepared the photomicrographs. 
541 
Journal of the National Cancer Institute, Vol. 17, No. 5, November 1956 








542 DEANE AND FAWCETT 


months. Forty-four rats with intrasplenic grafts were killed after 1 to 14 
months. When killed, each animal was weighed and its ovarian graft 
measured. In females, the uterus was also weighed. The approximate 
volume of the transplant was calculated by using the formula for an oblate 
spheroid: 4% X length X breadth < depth. 

Histologic procedures—The ovarian graft, if sufficiently large, was 
divided into 4 pieces, which were fixed, respectively, in the Zenker-acetic 
acid mixture, in 10 percent neutral buffered formalin, in Orth’s or Ross- 
man’s fluid (picric acid-alcohol-formalin), and in chilled 80 percent 
ethanol. Smaller grafts were fixed only in Zenker’s fluid and formalin. 
From females, segments of the uterus were fixed in Zenker’s fluid, in Orth’s 
or Rossman’s fluid, and in chilled 80 percent ethanol. 

Blocks fixed in Zenker-acetic were embedded in paraffin and sectioned 
at 5u. Representative sections were stained with bematoxylin and eosin, 
with a dilute solution of eosin and methylene blue buffered to pH 5.13 
(16), and with Masson’s connective-tissue stain. 

Blocks fixed in formalin for 1 week were washed overnight and sectioned 
at 15u on the freezing microtome. Sections were stained for lipides with 
1 percent Sudan black B in 70 percent ethanol for 7 minutes, for carbonyl 
groups by a modified Ashbel and Seligman hydrazide method (17), and 
for cholesterol by the Schultz method. Control sections were first ex- 
tracted for half an hour with acetone at room temperature. 

Blocks fixed in Orth’s or Rossman’s fluid were embedded in paraffin, 
cut at 5u, and stained by the periodic acid-Schiff technique for carbohy- 
drate-containing substances. Glycogen was removed from control sec- 
tions by treatment with saliva or diastase before staining. 

Blocks fixed in 80 percent ethanol were embedded in paraffin, sectioned 
at 5u,and stained for the demonstration of alkaline-phosphatase activity 
(pH 9.5). Slides were incubated for 5 hours in media containing glycero- 
phosphate or yeast nucleic acid. Long incubation of this sort permits 
tissue, but not intracellular, localization of activity. 





Results 


Female genital tract—Periodic vaginal cornification and large uteri 
characterized all the animals with successful grafts to the kidney and liver. 
This had been expected for those with kidney transplants, since venous 
drainage from that site is outside the portal system, but was unexpected 
for those with liver transplants. It appears that in ovarian transplants 
to the liver, the restricted amount of liver in the path of drainage from 
the graft was insufficient to metabolize a significant proportion of the 
hormones released, as has also been found for hormone pellets (18). The 
average weight of the uterus in the animals of these 2 groups was 473 mg. 
In contrast, the uterus of 1 animal in which an intrarenal transplant was 
resorbed was 76 mg. 

Table 1 presents data for 41 animals that maintained successful intra- 
splenic ovarian grafts. In 3 animals not included in the table, the graft 
had been replaced by scar tissue. When the animals were killed, 4 females 
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({) were found to have either a remnant of ovarian tissue in situ or a 
grossly visible vascular adhesion connecting the graft to vessels outside 
the portal system (average uterine weight, 755 mg.). With the exception 
of these 7 rats, representing technical failures, vaginal smears of all other 
females were at first anestrous (A) in type. Thus, any ovarian hormones 
secreted by the grafts were being effectively inactivated in passage through 
the liver. In a number of instances, vaginal smears later showed periodic 
or persistent cornification (C). (Cornification was detected in S34 at the 
end of 2 months, S19 in 5 months, S17 in 6 months, S41 and 43 in 7 
months, S27 and 33 in 8 months, S29 in 9 months, and $44 in 11 months.) 
It is concluded that in these animals ovarian steroids were elaborated in 
such large amounts that the capacity of the liver to destroy them was 


TaRLE 1.—Data for rats with ovarian transplants in the spleen* 


























pa | Age trans. Final Uterine (Diameter trans., mm. 
Rat and sex | Vaginal smear | (months) | vost | = (Volume trans.,mm.3) 
$19 A 1 245 82 7X5xX5 (88) 
$29 A 1 208 80 8x65 (120) 
$3 9 A 2 255 60 10X8X7 (280) 
S4¢ —— 2 285 —_ 7X7X4 (98) 
85 9 A/A 3 315 87 7X4xX4 (56) 
879 A/A 3 220 107 10X6X5 (150) 
$89 A/A 4 305 55 4X3xX3 (18) 
$109 A/A 4 282 83 8X66 (144) 
$129 ft C/C 4 222 370 4X3xX3 (18) 
$139 A/A/A 5 275 65 7X4xX4 (56) 
8l4¢ — 5 305 _— 8xX4xX4 (64) 
$159 A/A 5 250 160 10109 (450) 
$16 9° A/A 5% 225 97 7X5xX5 (88) 
$179 A/C 5% 350 206 12X10X10 (600) 
$189 A/A/A/A 6 308 78 6X6X4 (72) 
$199 A/A/C/C 6 284 290 12X12X9 (648) 
8S20¢ _ 6 328 — 11X7X5 (193) 
$219 A/A 6 300 52 14X10X10 (700) 
§22 9 A/A/A 7 335 215 15X12X12 (1116) 
$23 9 A/A 7 300 cast 7X6X4 (84) 
$24 9 A/A 7 260 cast 6<X6X6 (108) 
825° ft C/C/C/C 8 275 1750 2X2xX2 (4) 
$26 9 A/A/A/A 8 270 290 2217X17 (1590) 
$279 A/A/A/C 8 300 318 13X12X12 (936) 
$28 9 A/A/A/A 8} 332 cast. 131210 (780) 
$29 9 A/A/C 10 _— enlarg. | 20X19X15 (2850) 
$30 9 A/A/A/A/A 10% 223 74 8X7xX5 (140) 
$319 A/A/A/A/A 10% 250 82 5x43 (30) 
$32 9 A/A/A/A/A 10% 345 360 20 15X14 (2100) 
$33 9 A/A/A/C/ 10% 265 170 141210 (840) 
$34 9 /C/C/A/ 10% 250 130 141212 (1008) 
$35 9 A/A/A/A/A 11 294 130 20X17X17 (2890) 
$36 9 A 11% 300 500 | 453630 (24300) 
$37 2 ¢ A/C/C/A/C 12 314 260 2x2xX2 (8) 
$38 9° t C/C/C/A/C 12 312 640 | 5X4x4 (40) 
$39 9 A/A/A/A/A 12 350 100 | 161210 (960) 
$40 9 A/A/A/A/A 12 275 155 | 20*14xX14 (1960) 
$419 A/C/C 14 332 390 | 12*11X10 (660) 
842¢ — 14 380 _ 19X12X10 (1140) 
$43 9 A/C/C 14 274 555 13X9X8 (468) 
$44 9 A/A/C 14 257 220 | 14X12X12 (1008) 





*Key: A=anestrous smear: C=cornified smear. 
86,9, and 11 are omitted because the transplant was replaced by a scar. 
tOvarian remnant in situ or adhesion between spleen and extraportal vessels. 
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exceeded. This conclusion is supported by the observation that in all of 
these animals, as in those with ovarian remnants or adhesions, the uteri 
were significantly larger than in the animals exhibiting no vaginal corni- 
fication. Cornification was observed only in rats in which uterine weight 
exceeded 125 mg., although it was not detected in all of those with 
larger uteri. The average weight of the uterus in 9 animals with 
grafts 1 to 5 months old was 87 mg.; in 8 animals with grafts 5% to 8¥ 
months, 194 mg.; in 11 animals with grafts 10 to 14 months, 253 mg. 

Control transplants to the kidney and liver —Grossly, the ovaries trans- 
planted to the kidney were generally flattened beneath the renal capsule 
and appeared to consist of numerous follicles and corpora lutea. In 4 
animals with transplants of 5 months’ duration or longer, there was instead 
a large clear cyst, about 1 cm. in diameter, with a few opaque spots on its 
surface. The average calculated volume of the intrarenal transplants 
(except those that were cystic) was 24 mm.*. The liver transplants 
were spherical and averaged 16 mm.’ in volume. 

Histologically, the noncystic transplants were composed of tightly 
packed follicles and corpora lutea; almost no epithelioid interstitial tissue 
was found (fig. 1). As in normal ovaries (2), the granulosa cells of all 
follicles were intensely basophilic (fig. 1). The follicular thecal cells 
contained abundant lipide droplets (fig. 11), which displayed an intense 
Ashbel-Seligman carbonyl reaction (fig. 2) and also an intense Schultz 
cholesterol reaction. In the atretic follicles, lipide droplets were present 
also in the granulosa cells; these stained with Sudan black but did not 
give the other reactions. In healthy follicles, alkaline-phosphatase 
activity was limited to the theca; in atretic follicles it occurred in the 
granulosa cells as well (fig. 7). The follicular fluid was intensely stained 
by the periodic acid-Schiff technique (after saliva digestion); the reticu- 
lum of the theca stained moderately. 

Newly formed corpora lutea had large basophilic lutein cells (fig. 1) 
with only sparse, small lipide droplets, which gave a carbonyl reaction 
(fig. 10) but contained no detectable cholesterol (fig. 9). Older corpora 
consisted of shrunken, eosinophilic cells that contained abundant lipide 
droplets giving both a strong cholesterol reaction and a carbonyl reaction 
(figs. 9 and 10). Young corpora displayed marked phosphatase activity 
in their peripheral connective tissue as well as in the walls of the vascular 
sinusoids, but little in the lutein cells; older ones had unreactive boundaries 
but a more intense reaction in the vascular stroma (figs. 7 and 8). The 
reticulum and blood-vessel walls were stained by the periodic acid-Schiff 
procedure. 

The 4 intrarenal transplants that had become cystic consisted of 1 
or more thin-walled sacs filled with flocculent precipitate. The walls 
were lined with a dense connective-tissue membrane containing many 
epithelioid cells. Scattered along their walls were small, normal-appearing 
follicles and typical corpora. 

The uteri of all the animals with successful intrarenal and intrahepatic 
transplants evinced signs of hormonal stimulation (¢f. fig. 37). The 
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epithelium was generally tall and occasionally showed squamous meta- 
plasia, which is known to result from prolonged stimulation by estrogen 
(15). Eosinophils were generally abundant in the stroma and muscularis 
(cf. fig. 6), an occurrence that has also been found to be correlated with 
estrogenic stimulation (16). Alkaline-phosphatase activity was intense 
on the apical borders of the epithelial cells, in the capillary walls and in 
the eosinophils (ef. fig. 17). Mucous droplets, stained by the periodic 
acid-Schiff method after saliva or diastase digestion, were frequently 
found in the apices of the epithelial cells, particularly those deep in the 
glands. 

By way of contrast, the uterus of that animal in which an intrarenal 
transplant was resorbed possessed an atrophied endometrium typical of 
the castrate state. Phosphatase activity, moreover, was intense through- 
out the epithelial cells instead of being limited to the apices (19) (ef. fig. 
14). No mucus occurred in the cells. 

Transplants to the spleen.—In the 4 cases in which remnants of ovarian 
tissue in situ or adhesions between the spleen and extraportal vessels were 
found (S12, 25, 37, 38), the transplant was small and strongly resembled 
the normal ovary, like the control transplants to kidney and spleen. 
Similarly, the uteri appeared stimulated (fig. 17). 

Grossly, the successful transplants, in the first few months, appeared 
nodular as though composed of corpora lutea. Some contained a few 
follicles. After 4 to 6 months, they became more varied in gross appear- 
ance. Some had a lobular organization, some appeared homogeneous, a 
few contained one or more large fluid-filled cysts (e.g.,S21). When cut 
open, most appeared healthy throughout. Only a few of the largest 
contained necrotic, hemorrhagic areas in their centers (e.g., S26, 36). 

The grafts tended to enlarge with age, although there was marked 
variability in size. The average calculated volume of successful grafts 
aged 1 through 5 months (11 specimens) was 138 mm.°, of those aged 
5% through 8% months (12 specimens), 576 mm.*, and of those aged 10 
through 14 months (14 specimens), 2692 mm.’. There was no apparent 
difference between the transplants in male and female hosts, in either 
gross or microscopic aspect. None of the grafts showed signs of metastasis. 

Histologically, the successful grafts of 1-month duration contained only 
occasional follicles (some with ova) and consisted principally of corpora 
lutea and luteinizing follicles (fig. 12). The follicular walls were intensely 
basophilic. Most of the corpora were only moderately basophilic, sug- 
gesting that they were more than a few days old. Lipide droplets were 
extremely small and sparse in both the follicular thecal cells and in the 
lutein cells. The carbonyl reaction was intense in the droplets of thecal 
cells, in both normal and luteinizing follicles, but weak in the lutein cells, 
The Schultz cholesterol reaction was absent. The follicular fluid of either 
normal-appearing follicles or those undergoing luteinization was only 
weakly reactive to the periodic acid-Schiff test. In alkaline-phosphatase 
preparations, the theca of follicles was intensely reactive (fig. 13), and the 
granulosa cells also displayed some activity in luteinized follicles. The 
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outer border of the younger-appearing corpora was well delineated by 
phosphatase activity, and the vessels were also reactive. Most of the 
corpora, however, lacked an intensely reactive rim, another indication 
that they were not newly formed. 

At 2 months, follicles were extremely rare, none being found with ova 
and almost all appearing partially luteinized. The follicular epithelium 
of luteinized follicles was moderately basophilic, but the corpora uni- 
formly displayed little basophilia (fig. 15). Lipide droplets were small 
in thecal cells and in most corpora (fig. 19) and generally gave only a 
faint carbonyl reaction, except in the peripheral cells of some of the 
corpora. Cholesterol preparations were virtually negative. Residual 
follicular fluid in luteinizing follicles was only faintly stained by the 
periodic acid-Schiff method. Phosphatase activity was present in the 
thecas of the rare follicles. Although the corpora appeared bounded by 
strands of connective tissue, these rims lacked phosphatase activity, 
intense reactivity being limited to the walls of the sinusoids (figs. 16 
and 18). 

The uteri of the 3 females killed within the first 2 months after opera- 
tion had the histologic appearance of the completely castrated animal, 
possessing low epithelium in which the phosphatase reaction was diffuse 
throughout the cytoplasm (fig. 14). 

The 10 healthy transplants of 3 to 5% months resembled each other 
closely. In eosin and methylene-blue preparations, the hyperplastic 
Ovarian tissue was composed almost entirely of corpora (fig. 20), although 
occasional atretic follicles could be found. The peripheral cells of the 
corpora were larger than those in the center, and in the two 5-month 
specimens, these peripheral cells were more basophilic than were those 
more centrally situated. Lipide preparations showed that most of the 
corpora contained little or no stainable material in their centers, while 
the larger peripheral cells contained considerable amounts (fig. 23). 
Occasional corpora, however, contained large amounts uniformly dis- 
tributed. The carbonyl and cholesterol reactions followed the same pat- 
tern. In phosphatase preparations, the disparity in cell size resulted in 
the center of the corpora appearing much more reactive than the pe- 
riphery because of the crowding of sinusoids (figs. 21 and 22). 

The uteri of some females in this group (S7, 15, 17) showed a taller 
epithelium than those of the earlier specimens and displayed some mitotic 
activity. The glands penetrated deeper into the stroma and were highly 
contorted. Eosinophils were abundant in the stroma. Phosphatase 
activity, however, occurred throughout the epithelial cells rather than 
being limited to the surface. Periodic acid-Schiff preparations were not 
made. 

Between 6 and 8% months, the transplants became much more hetero- 
geneous in appearance. In most, 2 main histologic components were 
recognizable. Some areas consisted of luteal masses, usually showing 
signs of central necrosis. Histochemically, these resembled the luteal 
bodies previously described. Other areas resembled granulosa-cell tumors, 
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in which most of the cells were small and quite basophilic; these masses 
of cells were surrounded and invaded by strands of larger, more eosino- 
philic, spindle-shaped thecal cells (figs. 3 and 4). The areas of small 
basophilic cells were avascular, while the strands of eosinophilic cells 
were vascularized. In some portions, many of the small cells were 
pyknotic, while in others mitoses were abundant (fig. 25). In some 
specimens, these areas of granulosa cells contained fluid-filled cavities 
(figs. 3 and 24). The small granulosa-like cells contained only traces 
of lipides (figs. 26 and 29) and these were essentially negative for both 
carbonyl groups (figs. 5 and 27) and cholesterol (fig. 28). These 
cells were also largely free of phosphatase activity (fig. 24). The sur- 
rounding spindle-shaped cells, on the other hand, contained numerous 
small lipide droplets that reacted for both carbonyl groups and 
cholesterol (figs. 5 and 26 to 29). The walls of the sinusoids, and possibly 
the spindle-shaped cells as well, possessed intense phosphatase activity 
(fig. 24). The female hosts in this group of animals all showed highly 
stimulated uteri (ef. fig. 6). 

Two of the transplants of this age group differed markedly from those 
described in the preceding paragraph. S21 consisted of a cyst, the walls 
of which appeared to be a disorganized, unusually basophilic luteoma. 
Many of the cells contained large quantities of lipide, while others were 
empty. The uterus appeared castrate. The other exceptional tumor, 
$26, displayed 2 types of tissue, a small portion consisting of aggre- 
gations of typical luteal tissue, and a large portion composed of small 
stellate cells embedded in considerable quantities of amorphous matrix 
(fig. 30). The latter region exhibited an extraordinary degree of phos- 
phatase activity (fig. 31), but lipide was very sparse (fig. 32) and entirely 
negative to both the carbonyl and cholesterol tests. The abundant 
interstitial ground substance was faintly stained by the periodic acid- 
Schiff method. The uterus of this animal showed marked signs of estro- 
genic stimulation. 

In the group of transplants of 10 to 14 months’ duration, most consisted 
predominantly of masses of luteal tissue (fig. 38). Five, however, ap- 
peared to be principally granulosa-cell tumors (S29, 32, 33, 36, 43) (fig. 36). 
It was rare to find a transplant uniform in its composition. Some luteal 
tissue was present in the predominantly granulosa-cell tumors, and con- 
versely, some areas of granulosa cells were present in those transplants 
which appeared grossly to be luteomas (fig. 35). In addition, several of 
the transplants contained large areas in which whorls of epithelioid cells 
were embedded in fibrous connective tissue (figs. 33 and 34). 

In tumors of this age group, the small cells in granulosa-cell areas were 
generally quite basophilic, the corpora were only slightly basophilic, 
whereas the epithelioid cells arranged in whorls were distinctly eosino- 
philic (fig. 33). _Mitoses were common in the small granulosa cells (fig. 34). 
Lipide was generally, though not invariably, sparse in the luteal areas 
(fig. 38). It was present in moderate concentrations in the thecal strands 
of the granulosa-cell tumors and, in lesser concentration, in the granulosa 


Vol. 17, No. 5, November 1956 
395885—56——38 


























s 
B 
“*qunoure fie] +-++--+ ‘junoUIs o}BI0poOM +-+ ‘4UNOUIB [[BUIS + ‘9081) (+) ‘pINy IJelMoT[OJ = J J ‘s]joo UjOIN] = O | ‘BUIOI{S = SF ‘s{[9O [BO0N} = Od 4 ‘s][90 BsO|NUBIZ = 03 :AOY, 3 
++ +? ++ 0 (8) + Be ters soya [wpoyydg i 
OD +++ + +++ (8) + (8) ++ > Fee 4o ‘q pus » sdnos . 
Uy e804} Ox] OUIOS “soIpog [¥ozN'] 3 
*q dnois ut esoy} oyI] ‘s10uIN} 9 + § 
‘sow YJ-O] *9 3 
(99) ++ 5 te g 2 ie (8) + z 
(a 3) 0 0 (+) GY J) fe (s pus A) 9) + 4- (a 3) + + | s10uIn} ra) y 3 
‘p dnoiZ ul esoy} oy! ‘Serpoq [eeyn'T 
"80uL % 9-9 *Q % 
(09) ++ a ha (8) + (s puv 94) +++ | 
Es (0 3) 0 + + G) + (0 8) ++ WB HE [ores ttrsseee soos (onjeaye) soprtog 
w ODO a a + (8) + (8) ++ ee ee SoTpod [BeyN'T p | 
oO "0UuL %O-] “D 
- “*SUOISeqpB 
Ps IB[NOSBA YOY ‘sjjywIB [Nyssvoong °Z 
*8}J813 o1yedoyeIqUI pusB [eUudL 
8 -BIJUL OYT] ‘SUOISOYPV IBNOSBA YIM ‘T 
< 
6a S}JVIs) dUO/dseajUy 
2 (0) ++ ++ ++ (8) + (@) ++ BERS (Peers tecniasccnnnes (plo) woyny wi0dz09 
5 EDO ++ + (s) + (s puw wi) ++ ae ae eh neeee sere (mou) voyny viod10H 
(09) ++ yr x is (8) + (8 puw 94) +++ 
(2 3) 0 0 + (J p + + (03) ++ A (ait alate cia (0190138) SOTOITIOT 
8 
(09) ++ eg ae G3) ++ (8 puvo4) +++ eee: ester ere oe ([euLiow) seo] 
S}JBIX) IVdoyVHUy] pues [eusIeU] 
Jo194sa[04D [Auoqivg9 uspng 
atsneaiccasniiomsan SVd eseyeydsoyd ourleyly errqdoseg eiInyons4g 
sepidry 

















« (729) 9a8 suorjdaoxa 10f) 82{016 unrspa0 fo 891448149;9DLDYD JDILWAYIN SLY JDLIUED—'Z AAV], 





548 











HISTOPHYSIOLOGY OF OVARIAN TUMORS 549 


cells proper. The cells in the whorls were also generally fatty. The 
lipides of the luteal cells and of the thecal cells in the strands (but not of 
the granulosa cells) were positive for carbonyls. The cholesterol reaction 
tended to parallel the sudanophilia. The granulosa-cell tumors contained 
spaces filled with a precipitate, which in some cases stained intensely by 
the periodic acid-Schiff technique (fig. 36), in others only weakly. In 
the luteal areas, alkaline-phosphatase activity was limited to the sinusoid 
walls (fig. 35). In the granulosa-cell tumors, activity occurred principally 
in the strands of thecal cells. The zones of connective tissue containing 
epithelial whorls were intensely reactive. 

Uteri of some females in this age group were nearly castrate in appear- 
ance (fig. 39), whereas others were stimulated (fig. 37). In general, 
stimulated uteri were associated with transplants that consisted largely of 
granulosa-cell areas. 

A summary of the histochemical characteristics of the grafts is presented 
in table 2. 

Re-establishing connection with systemic blood vessels—An experiment 
designed to provide further evidence for the production of estrogens by the 
tumors was performed on a single animal, S28, at 8% months, at which 
time a biopsy revealed a disorganized mass of luteal tissue, the vaginal 
smear was anestrous, and the uterus was essentially castrate in appearance. 
The cut edge of the tumor was then sutured to the body wall. Subse- 
quent to the operation, the vaginal smear consisted of cornified cells only, 
indicating release of large amounts of estrogen into the general circulation. 
Three weeks after anastomosis, the abdomen was reopened. The trans- 
plant appeared softened, and sections of a uterine biopsy taken at this 
time showed marked stimulation of the endometrium. Ten days later 
the animal was killed. The transplant now consisted of a large cyst 
filled with a straw-colored fluid. Histologically, the cyst had a fibrous 
wall without a detectable epithelial lining. Within the connective-tissue 
wall, there were occasional patches of vacuolated spindle-shaped cells. 
The uterus still showed histologic signs of marked estrogen stimulation. 


Discussion 


A histophysiologic study of the normal rat ovary during the estrous 
cycle (2) led to the following conclusions that bear on the present study. 
(a) Lipide droplets in the cells of the theca interna, interstitial tissue, and 
corpora lutea contain precursors of the ovarian steroid hormones. (6) 
When one of these tissues is secreting actively, the droplets are small 
and deficient in cholesterol but rich in secondary carbonyl lipides.’ Con- 
trariwise, when that tissue is not actively secreting, the droplets enlarge and 
cholesterol accumulates, but the concentration of carbonyl compounds 
eventually declines. (c) Correlatively, the cells are large when the tissue 

7 It was formerly concluded that these lipide carbonyl compounds represented ketosteroids (2,7,17). More 
recent experimental evidence (20), however, indicates that they are fatty aldehydes produced by the autoxidation 
of highly unsaturated fatty acid moieties during fixation of the tissue. However, Karnovsky and Deane (0) 


adduced some evidence that the concentration of unsaturated fatty acids may be directly related to the secretory 
activity of steroid-producing organs. 
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is actively secreting, small when it is inactive. (d) Alkaline phosphatase 
is abundant in the blood vessels adjacent to actively secreting ovarian 
parenchymal cells. 

In the present experiment, most of the intrarenal and intrahepatic 
transplants, as well as the intrasplenic transplants that developed adhe- 
sions, bore a marked similarity to normal ovaries, except that they showed 
a paucity of interstitial tissue. Interstitial tissue presumably arises from 
atretic follicles (2,21); hence, its deficiency in these transplants in which 
atretic follicles were abundant remains baffling. 

The early intrasplenic transplants of our series (1 to 5% months) con- 
sisted predominantly of luteal bodies, and the lutein cells appeared highly 
active, inasmuch as they were large and their lipide droplets were small 
and positive for carbonyl groups but deficient in cholesterol. Since the 
females with such tumors displayed no vaginal or uterine stimulation, it 
may be assumed that most of the hormones secreted were inactivated 
by the liver. Kullander (22), however, has adduced evidence that 
significant quantities of progesterone may escape inactivation. 

Most of the tumors of intermediate age (6 to 8% months) consisted 
primarily of granulosa cells. Secretion of estrogen in excess of the 
liver’s capacity to inactivate was suggested by the vaginal and uterine 
stimulation. In another experiment, not reported here, it was found that 
the pituitaries of animals possessing tumors of this sort lacked the vacuo- 
lated basophils or “castration” cells that develop in the absence of ovarian 
hormones (23). In such granulosa-cell tumors, however, it was not the 
granulosa cells proper that evinced signs of steroid-hormone secretion, 
but rather it was the surrounding and invading strands of thecal cells. 
As in normal follicles, these cells were large and contained numerous small 
lipide droplets, and the accompanying vascular sinusoids displayed 
intense alkaline-phosphatase activity. Usually, the granulosa cells proper 
were extremely small and devoid of free lipide. In some instances they 
contained large droplets, as they do in atretic follicles, where lipide accu- 
mulation is a stigma of degeneration rather than an evidence of secretion. 
Another cogent argument against any endocrine function for the granulosa 
cells lies in the absence of adjacent blood vessels. The overgrowth of 
granulosa cells in these tumors probably results from 2 stimuli: namely, 
pituitary FSH and the locally produced estrogen (24). The belief that 
the thecal elements in granulosa-cell tumors are probably responsible 
for estrogen secretion has also been voiced by McKay, Robinson, and 
Hertig (25), despite the prevailing opinion (26-28) that it is the granulosa 
cells proper that are responsible for the feminizing action of these tumors. 

In this connection, it is interesting to speculate on the conversion of a 
luteoma to a granulosa-cell tumor. Since no new follicles were detected in 
the older transplants nor any signs of proliferation from the germinal 
epithelium, we can only conclude that granulosa lutein cells dedifferenti- 
ated (see also 4,14). Not only did the cells regain the small size and 
cytoplasmic basophilia characteristic of typical granulosa cells but also 
their ability to undergo mitosis and to secrete a mucoid follicular fluid. 
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A modulation in this direction has never been described for the ovary 
in situ, but it might be responsible for many of the confusing features of 
clinical ovarian tumors. Certainly none of the observations reported 
here support the clinical opinion (26,27) that granulosa cells arise from 
thecal or stromal elements. 

In our series, the transplants of more than 9 months’ duration again 
appeared to be, for the most part, luteomas. We cannot know whether or 
not these had reverted from granulosa-cell tumors. In these tumors the 
luteal bodies were more varied in appearance than they were in the 1-to-5- 
month group. In a single transplant, some corpora might be composed 
of large cells exhibiting a paucity of small droplets (presumably active), 
whereas others contained smaller cells heavily laden with lipide that dis- 
played abundant cholesterol but little carbonyl lipide (presumably in- 
active). Many of these older tumors also contained large areas of granu- 
losa cells, illustrating a local variability in tissue response to prolonged 
gonadotrophin stimulation. 

A final cellular arrangement that bears mention is the whorls of epithe- 
lioid cells observed in many of the older transplants. These probably 
represented isolated nests of thecal cells. Since they generally appeared 
large and lipide-filled, it may be assumed that they were secretory, but, of 
course, the nature of their product could not be ascertained. 

In this series, 1 transplant was encountered whose organization defied 
classification (S26). The structure was composed almost entirely of 
stellate cells embedded in a mucoid ground substance, thus resembling 
mesenchyma. The most unusual aspect of this tumor was its extraordinary 
concentration of alkaline phosphatase. The small stellate cells contained 
lipide droplets, and the tumor was apparently secreting estrogen in large 
enough quantity to exceed the liver’s inactivating capacity, as indicated 
by the stimulation of the uterus. 

Endocrine considerations.—Brief comment on the endocrine imbalance 
that may have produced the changes observed in the structure of the intra- 
splenic ovarian transplants appears warranted. Greep and Chester 
Jones (7) deduced from a variety of experimental data that two patterns 
of gonadotrophin imbalance may develop in gonadectomized animals. 
In one type, luteotrophin (LTH) gains dominance, in which case the out- 
put of both FSH and LH is low. It has been shown repeatedly that a 
high LTH/LH ratio maintains active corpora lutea. It seems logical to 
assume that this pattern must prevail in the gonadectomized animal for 
the first few months after the transplantation of an ovary to the spleen. 
Parenthetically, it is interesting to note that such luteomas developed in 
males as well as in females, thus providing evidence for the secretion of 
LTH by the male pituitary. The usual gonadotrophin pattern for the 
long-term castrate, however, is high FSH, low LH, and low LTH output 
(7). Since FSH stimulates granulosa-cell proliferation, it may be assumed 
that this pattern had supervened in those animals which secondarily de- 
veloped granulosa-cell tumors (29). 

Another intriguing question arises from the fact that many of these 
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tumors, especially those consisting predominantly of granulosa cells, 
apparently produced such large amounts of estrogen that much escaped 
inactivation in the liver (see also 4,9,14), since in these animals vaginal 
cornification and uterine stimulation did develop in the absence of vascu- 
lar adhesions. One might expect that such a development would be self- 
regulatory, in the sense that the estrogen would depress FSH and LH 
output (30) and thus permit LTH to become dominant again. Indeed, 
tbis course may have occurred in some of our oldest animals that exhibited 
tumors consisting almost entirely of luteal tissue. Many animals, how- 
ever, displayed persistent vaginal stimulation for a period of months. 
It therefore appears that once a particular imbalance of gonadotrophins 
has become established, its correction is very difficult. 

Cystic ovaries can be produced by the administration of large quantities 
of FSH ($1). Such an augmented supply of FSH may account for the 
development of cysts in some of the older intrarenal transplants and in 
occasional intrasplenic transplants. A cyst also developed in one animal 
with a successful intrasplenic transplant in which the spleen was deliber- 
ately anastomosed to the body wall. These observations serve to bear 
out the above deduction that once an imbalance of pituitary gonado- 
trophin output has developed, a return to normal is not easily produced. 
Why such imbalance supervened in some animals with intrarenal trans- 
plants deserves more study (see also 9). 


Summary and Conclusions 


The development, morphology, and histochemistry were studied in 
ovarian transplants to the spleen, kidney, or liver of gonadectomized rats. 
In female rats, the secretory activity of the transplants was assessed by 
vaginal smears and by uterine weight and histology. 

The intrarenal and intrahepatic transplants, as well as those intra- 
splenic transplants to which an extraportal vascular connection developed, 
remained small, contained normal follicles and corpora lutea, and caused 
typical stimulation of the vagina and uterus. 

Successful intrasplenic transplants grew progressively larger. During 
the first 5 months, they consisted principally of corpora lutea, which 
gradually became disorganized. In the 6-to-9-month group, most con- 
tained large areas resembling granulosa-cell tumors. In the 10-to-14- 
month group, they contained luteal tissue, areas of granulosa cells, and 
also whorls of epithelioid cells embedded in connective tissue. None of 
the tumors became invasive or metastasized. 

The histochemical procedures employed assisted greatly in the identifi- 
cation of the tissues. Furthermore, they contributed to the histo- 
physiologic evidence of active secretion by the young luteomas and by 
the thecal cells in the granulosa-cell tumors. The estrogen output of 
granulosa-cell tumors always exceeded the inactivating capacity of the 
liver, as indicated by vaginal and uterine stimulation. 


8 In a paper found after this went to press, Fels ($2) has reported that, after 1 year, many intrarenal and all 
intrahepatic ovarian transplants in gonadectomized rats became tumorous. 


Journal of the National Cancer Institute 











1g 
ch 


n- 


rd 
of 


ute 





(1) 


(2) 
(3) 
(4) 
(5) 
(6) 


(7 


~ 


(8 


~~ 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


(20) 


(21) 
(22) 


(23) 


Vol. 


HISTOPHYSIOLOGY OF OVARIAN TUMORS 553 


References 


Deane, H. W., and Fawcett, D. W.: Observations on granulosa-cell tumors 
produced experimentally in rats. (Abstract.) Anat. Rec. 112: 323-324, 1952. 

Deane, H. W.: Histochemical observations on the ovary and oviduct of the 
albino rat during the estrous cycle. Am. J. Anat. 91: 363-413, 1952. 

GoLpEN, J. B., and Sevrinenaus, E. L.: Inactivation of estrogenic hormone of 
the ovary by the liver. Proc. Soc. Exper. Biol. & Med. 39: 361-362, 1938. 

Bisxinp, G. R., and Bisxinp, M. S.: Experimental ovarian tumors in rats. 
Am. J. Clin. Path. 19: 501-521, 1949. 

Li, M. H., and Garpner, W. U.: Further studies on the pathogenesis of ovarian 
tumors in mice. Cancer Res. 9: 35-41, 1949. 

Miter, O. J., and Preirrer, C. A.: Demonstration of increased gonadotrophic 
hormone production in castrated rats with intrasplenic ovarian grafts. Proc. 
Soc. Exper. Biol. & Med. 75: 178-181, 1950. 

Greep, R. O., and Cuester Jonss, I.: Steroid control of pituitary function. 
Recent Progress Hormone Res. 5: 197-261, 1950. 

AcHILLEs, W. E., and Sturais, 8S. A.: The effect of the intrasplenic ovarian graft 
on pituitary gonadotropins. Endocrinology 49: 720-731, 1951. 

PeckHaM, B. M., and Greene, R. R.: Experimentally produced granulosa-cell 
tumors in rats. Cancer Res. 12: 25-29, 1952. 

Ramirez, H., Ictestas, R., Maprones, E., and Lipscniitz, A.: Mechanism of 
ovarian control of hypophyseal gonadotrophic function in the guinea pig. 
Proc. Soc. Exper. Biol. & Med. 83: 157-159, 1953. 

Mtxusock, O.: Ovarian tumours in mice in parabiotic union. Acta endocrinol. 
12: 105-114, 1953. 

BiskinD, G. R., Bernstern, D. E., and Gosps, 8. M.: The effect of exogenous 
gonadotrophins on the development of experimental ovarian tumors in rats. 
Cancer Res. 13: 216-220, 1953. 

KULLANDER, S8.: Studies in castrated female rats with ovarian tissue transplanted 
to the spleen. Acta endocrinol. Supp. 22, 1954. 

: Studies in spayed rats with ovarian tissue autotransplanted into the 
spleen. II. Development from the age of 2 to 6 months. Acta endocrinol. 21: 
185-203, 1956. 

Reynotps, 8. R. M.: Physiology of the Uterus, 2nd ed. New York, Paul B. 
Hoeber, Inc., 1949, Chapt. 14. 

Fawcett, D. W., and Deans, H. W.: The effect of cortisone on uterine growth 
in ovariectomized rats receiving estradiol. Quart. J. Micr. Sc. 92: 385-392, 
1951. 

Setieman, A. M., and AsHBEL, R.: Histochemical demonstration of ketosteroids 
in adrenal cortical tumors with or without associated Cushing’s syndrome. 
Endocrinology 50: 338-349, 1952. 

Liescutitz, A.: Steroid Hormones and Tumors. Baltimore, Williams & Wilkins, 
1950. 

THIBAULT, C., and Sounarrac, A.: L’activité phosphatasique du tractus génital 
des mammiféres. Modifications expérimentales chez le rat femelle. Ann. 
Endocrinol. 9: 555-557, 1948. 

Karnovsky, M. L., and Drang, H. W.: Aldehyde formation in the lipide 
droplets of the adrenal cortex during fixation, as demonstrated chemically and 
histochemically. J. Histochem. 3: 85-102, 1955. 

Aron, M., and Aron, C.: L’atrésie folliculaire: Déterminisme et signification. 
Arch. Anat. Histol. Embryol. 36: 69-86, 1953. 

KuLuaNnbER, 8.: Experimental deciduoma in spayed rats with ovarian tissue 
autografted into the spleen. Acta endocrinol. 21: 204-210, 1956. 

Purves, H. D., and Griesspacn, W. E.: The site of thyrotrophin and gonadotro- 
phin production in the rat pituitary studied by McManus-Hotchkiss staining 
for glycoprotein. Endocrinology 49: 244-264, 1951. 





17, No. 5, November 1956 








554 DEANE AND FAWCETT 


(24) Hisaw, F. L.: Development of the graafian follicle and ovulation. Physiol. 
Rev. 27: 95-119, 1947. 

(25) McKay, D. G., Roxpinson, D., and Hertic, A. T.: Histochemical observations 
on granulosa-cell tumors, thecomas, and fibromas of the ovary. Am. J. Obst. 
& Gynec. 58: 625-639, 1949. 

(26) Furtu, J., and Sopet, H.: Neoplastic transformation of granulosa cells in grafts 
of normal ovaries into spleens of gonadectomized mice. J. Nat. Cancer Inst. 
8: 7-16, 1947. 

(27) Docxerrty, M. B.: Functioning ovarian neoplasms. Jn Progress in Gynecology 
(Meigs, J. V., and Sturgis, S. H., eds.). New York, Grune and Stratton, 1950, 
Vol. II, pp. 38-47. 

(28) Novak, E.: Hormone-producing ovarian tumors. Obst. & Gynec. 1: 3-14, 1953. 

(29) Purves, H. D., and Grresspacn, W. E.: Changes in the gonadotrophs of the rat 
pituitary after gonadectomy. Endocrinology 56: 374-386, 1955. 

(30) Byrnes, W. W., and Meyer, R. K.: Effect of physiological amounts of estrogen 
on the secretion of follicle-stimulating and luteinizing hormones. Endo- 
crinology 49: 449-460, 1951. 

(31) Stimpson, M. E., Li, C. H., and Evans, H. M.: Synergism between pituitary 
follicle-stimulating hormone (FSH) and human chorionic gonadotropin 
(HCG). Endocrinology 48: 370-383, 1951. 

(32) Feus, E.: Transformations tumorales des greffes ovariennes dans le rein de la 
rate castrée. Compt. rend Soc. biol. 149: 1666-1667, 1955. 


PiaTE 30 
Intrarenal and intrasplenic transplants 


Ficure 1.—One-month intrarenal transplant. The transplant consists of normally 
basophilic follicles and of corpora lutea of varying age. Eosin and methylene blue, 
pH 5.13. xX 90 


Figure 2.—Same transplant. The lipide droplets in the thecal cells (left) and lutein 
cells (right) react positively. Ashbel and Seligman carbonyl method. X 200 


Ficure 3.—Seven-month intrasplenic transplant, $22. The transplant consists of lob- 
ules of small, highly basophilic granulosa cells, surrounded and invaded by strands 
of larger, eosinophilic thecal cells. Eosin and methylene blue. X 90 


Fiaure 4.—Same preparation. The strands of thecal cells are conspicuous. X 200 


Ficure 5.—Ten and one-half month intrasplenic transplant, $33. Reactive lipides are 
confined almost entirely to the thecal cells. Cf. figure 24. Ashbel and Seligman 
carbonyl method. X 200 


Ficure 6.—Uterus of animal with 8-month intrasplenic transplant, S27. In this 
animal with a granulosa-cell tumor, the uterine epithelium is tall and eosinophils are 
abundant in the underlying stroma. Eosin and methylene blue. X 200 
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PLaTE 31 
Intrarenal transplants 


Figure 7.—Six-month transplant. Above, a recent corpus luteum; below, a luteiniz- 
ing follicle. Note that alkaline-phosphatase activity is particularly high in the theca 
interna of both the corpus and follicle, and in the walls of sinusoids. Incubated 
in veast nucleic acid, pH 9.5, 5 hours, green and yellow filters. 50 


FicgurE 8.—Eight-month transplant. The recently formed corpus luteum (N) shows 
an intensely reactive rim and weakly reactive sinusoids, whereas the retrogressing 
corpora (O) lack reactive rims but display greater activity in the sinusoidal walls. 
Incubated in glycerophosphate, pH 9.5, 5 hours, green and yellow filters. X 100 


Figure 9.—Same transplant. The recently formed corpus luteum (N) contains no 
detectable cholesterol, whereas the old corpus luteum (QO) contains abundant 
cholesterol. Schultz cholesterol reaction, red filter. 90 


Ficure 10.—Same transplant. The sparse lipide droplets in the newly formed corpus 
to the right display a moderate carbonyl reaction; the larger droplets in the older 
corpus to the left react intensely. Ashbel and Seligman carbonyl reaction, red 
filter. X 90 


Figure 11.—Five-month transplant. Lipide droplets are abundant in the cells of 
the theea interna (T) and in the cells of the old corpus luteum (below). Some lipide 
droplets appear in the basal cells of the granulosa (G), indicating that the follicle is 
atretic. Sudan black B, 7 minutes, blue filter. X 200 
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Piate 32 
Early intrasplenic transplants 


FictrRe 12.—One-month transplant, 82. The transplant is composed principally of 


moderately basophilic corpora lutea; one atretie follicle above. Cf. figure 1. Eosin 
and methylene blue, yellow and orange filters. 50 


Ficgtre 13.—Same transplant. The theea of the follicle reacts intensely, as do the 
walls of the sinusoids and the rim of the large, newly formed corpus luteum (N 
The rest of the corpora (O) lack reactive rims. Cf. figure 8. Incubated in veast 
nucleic acid, pH 9.5, 5 hours, green and yellow filters. 50 


Figure 14.—Uterus of animal with 4-month transplant, 810. The epithelium is low. 
The entire cytoplasm of the epithelial cells and the walls of the sinusoids are in- 
tensely reactive. Cf. figure 39. Incubated in glyeerophosphate, pH 9.5, 5 hours, 
green and vellow filters. 50 


Figure 15.—Two-month transplant, S84. The seetion consists of numerous weakly 
basophilic corpora lutea. Prepared like figure 12. 


Pigtre 16.—Two-month transplant, 83. None of the corpora display rims reactive 
for alkaline phosphatase. Prepared like figure 13. 


Figure 17,—Uterus of animal with 4-month transplant, from which there was 
vascular adhesion outside of the portal system, 812. Note the taller epithelium, in 
which alkaline phosphatase is limited to the apices of the cells. Tissue eosinophils 
(arrow) are intensely reactive. Prepared like figure 14. 














32 


PLATE 


17 


VOL, 


INSTITUTE, 


ER 


THE NA, 


OF 


JOURNAL 


oi 


p 
i 


ad 


My 


7: 


ee 
Fonn% 
- 








and Faweett 


Deane 











560 DEANE AND FAWCETT 


PLaTe 33 
Intrasplenic transplants, 2 to 5 months 
Fievre 18.—Two-month transplant, 83. Principal sites of phosphatase activity are 
the walls of sinusoids. The relatively new corpus luteum on the right possesses an 


active rim as well. Incubated in veast nueleie acid, pH 9.5, 5 hours, green and 
vellow filters 200 


Fievre 19.—Two-month transplant, S84. All of the lutein cells contain abundant, 
small lipide droplets. Sudan black B, 7 minutes, green and vellow filters. 50 
Fievre 20.—Five-month transplant, S15.) The transplant appears to be a somewhat 

disorganized luteoma. Eosin and methylene blue, vellow and orange filters 50 
Fievre 21.—Five-month transplant, 815. The cells at the centers of the corpora are 


shrunken so that the reactive sinusoids are close together. The corpora have com- 
pletely lost their reactive boundaries. Prepared like figure 18. 


Figure 22. Four-month transplant, S10. Junction of 2 corpora, The cells lving in 
the centers of the corpora are small, while those at the periphery are large. No 
phosphatase-reactive rims occur. Prepared like figure 18. 


Figure 23.—Five-month transplant, 815. In most of the corpora, lipides have virtu- 
ally disappeared from the central cells. Prepared like figure 19. 














in 


id 








JOURNAL OF 


THE 


NATIONAL CANCER INSTITUTE, 


VOL. 


17 


PLATE 33 











962 DEANE AND FAWCETT 


PLATE 34 
Granulosa-cell tumors, 7 to 1012 months 
Figure 24.—Ten and one-half-month transplant, 833. Phosphatase activity is 
restricted to the theeal strands (T) and is absent from the granulosa cells (G). 


Incubated in veast nucleic acid, pH 9.5, green and yellow filters. 200 


FIGURE 25. Ten and one-half month transplant, $32. Cell division (M) characterizes 


the basophilic granulosa cells. Note strands of larger, eosinophilic theeal cells (T 
deep among the granulosa cells. Cf. figure 4. Eosin and methylene blue, vellow 
and orange filters. 150 

Figure 26.—Eight-month transplant, 827. Lipide droplets are abundant in the 
theeal cells, sparse in the granulosa cells. Sudan black B, 7 minutes, blue filter, 

200 

Figure 27.—Same transplant. Only the theeal lipides are carbonyl-reactive. Ashbel- 

Seligman carbonyl reaction, red filter. 200 


Figure 28 Seven-month transplant, 822. The lipides of the theeal strands contain 


abundant cholesterol. Schultz cholesterol reaction, red filter. 90 


Ficure 29.—Same transplant. Lipide droplets are abundant but small in the large 
theeal cells, sparse but large in the smaller granulosa cells. Cf. follicle, figure 11. 
Prepared like figure 26. 90 





a” 


—wE SVS Ae 


! 
I 








JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL, 17 


Deane and Faweett 






PLATE 34 




















564 DEANE AND FAWCETT 


PLATE 35 
Intrasplenic transplants, 8 to 12 months 


Fictres 30 ro 32.—Eight-month transplant, 826. Most of the tumor is composed of 
small, stellate shaped cells embedded in what appears to be a mucoid (periodic acid- 
Schiff-positive) matrix. Note the intense alkaline-phosphatase reaction of this 
tissue in figure 31 (normal luteal tissue above). Lipide droplets are sparse (fig. 32). 
Figure 30, Zenker-acetic, hematoxylin and eosin, green and orange filters; figure 31, 
incubated in yeast nucleic acid, pH 9.5, 5 hours, green and vellow filters: figure 32, 
Sudan black B, 7 minutes, blue filter. All 100 


Fievre 33.—Twelve-month transplant, S40. Slightly basophilic luteal tissue above 
and whorls of eosinophilic, spindle-shaped cells (W) embedded in connective tissue 
helow. Kosin and methy lene blue, vellow and orange filters. 200 


FIGURE 34 Ten and one-half month transplant, 832.) Area of granulosa cells above 


/ > 


note mitoses), Whorls of spindle-shaped cells below. Prepared like figure 33. 


Figure 35.—Ten-month transplant, 829. This illustrates the heterogeneity of many 
older transplants, showing corpora (C) of different types and granulosa-cell tumor 
(G). In this animal, the blood vessels were injected with India ink and the sinusoids 
are thereby blackened. Incubated in veast nucleie acid, pH 9.5, 5 hours, green 
and yellow filters. 20 
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PLATE 36 
Intrasplenic transplants, 1114 to 12 months 


Fievre 36.—Eleven and one-half month transplant, S36. The follicular fluid in this 


region of granulosa-cell tumor reacts intensely for carbohydrate Periodic acid- 
Schiff reaction, green filter. 50 

Pievcre 37.—Uterus of same animal. The uterus is markedly stimulated; one gland 
is filled wich pus. Eosin and methylene blue, vellow and orange filters. 50 


Fictre 38.—Twelve-month transplant, 839. Some of the luteal bodies contain sparse 
lipide droplets where others are heavily laden. Sudan black B, 7 minutes, green 
and vellow filters. 20 


Picture 39.—Ucerus of same animal. The uterus appears relatively unstimulated. 
Incubated in yeast nucleic acid, pH 9.5, 5 hours, green and vellow filters. 50 
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Observations on the Morphology and 
Histochemistry of the Mouse Pituitary 
Implanted in the Anterior Eye Cham- 
ber ' 


ELeAnor R. SIpERSTEIN ? and Monte A. Greer, ** 
Endocrinology Branch, National Cancer Institute,5 
Bethesda, Maryland 


Previous investigations from this laboratory have indicated that the 
transplanted mouse pituitary is capable of maintaining thyroidal metab- 
olism of I'* in the host but is incapable of maintaining the size of any 
of the target endocrine glands, including the thyroid, above that of the 
hypophysectomized state (1). It was hoped that cytologic and histo- 
chemical study of such functionally limited heterotopic glands might re- 
veal some information concerning the morphologic basis of their peculiar 
physiologic activity. The present study makes use of the periodic acid- 
Schiff technique, which demonstrates histochemically the glycoprotein of 
the basophils; a selective trichrome stain; and a toluidine blue-ribonuclease 
method for identifying ribonucleic acid. The mice used were of the same 
genetic constitution as those in the previous functional studies and the 
implants were prepared in like manner. Whole mouse pituitaries were 
implanted, and observations made of all 4 parts of the gland. The im- 
plants were taken for examination at intervals beginning 1 day after im- 
plantation and extending to 14 months so as to document the sequence of 
changes taking place in the implanted tissues. 

Morphologic studies of transplanted pituitaries in rats (2-8), guinea pigs 
(9), and mice (10) have been reported. However, the present study com- 
bined the utilization of mice and observation of all lobes of the gland with 
the differential and histochemical techniques employed, and in addition 
surveyed the implants at early and frequent intervals following trans- 
plantation. 


Methods 


All animals used in the study were F; derivatives of BALB/c X C3H 
mice. Whole pituitary glands were dissected from newborn mice of either 
sex and implanted, 1 per host, into the anterior eye chamber of 42 normal 


1 Received for publication February 21, 1956. 


? Present address: Department of Anatomy, The University of Texas Southwestern Medical School, Dallas, 
Texas. 


3 Present address: University of Oregon, Medical School, Portland, Ore. 

‘ The authors are indebted to Dr. Clifford Grobstein for providing the mice and performing implantations, and 
to Mr. Robert R. Padgett and Mr. John T. McGuire for taking the photographs. 

‘ National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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2-month-old female mice by a technique previously described (11). Host 
mice were maintained for intervals ranging from 1 day to 14 months after 
implantation. Animals were killed at the times following implantation 
listed in table 1. At each interval 2 to 7 mice were killed with ether, and 
the graft-bearing eye was removed and fixed in buffered mercuric chloride- 
formol (12). For comparison, pituitaries were also secured from normal 
mice of both sexes at various intervals from birth to 3 months. Serial 
paraffin sections, 3 and 5 u, were prepared of each implant in situ. 

The majority of sections were stained by the periodic acid-Schiff 
method (PAS), which demonstrates the sites of glycoprotein, or by a 
modified Mallory triple stain (13), which is selective for demonstrating 
pituitary cell types. Control PAS slides were exposed to saliva for 15 
minutes at room temperature prior to staining. Staining for ribonucleic 
acid was performed with toluidine blue in acetate buffer at pH 4.5 or 5.0. 
Before staining, 1 of a pair of adjacent slides was incubated 1 to 1% hours 
at 37° C. with 100 ug. of ribonuclease in 0.5 ml. distilled water. During 
this period the adjacent control sections were allowed to stand in distilled 
water at the same temperature. As a certain amount of extraction of 
the stain takes place during the dehydration in alcohol, care was taken 
to carry each slide simultaneously with its control through all parts of 
the procedure. 

The volumetric measurements of the pituitary implants, given in table 
2, were calculated by means of planimetry of serial sections. 


Observations 


General Morphology of Anterior Lobes of Implanted Pituitaries 


One to 8 days after implantation —All the 12 transplanted pituitaries 
examined at 1 to 8 days following implantation showed varying but 
sometimes marked degrees of degeneration and necrosis. One of the 
8-day implants showed intact cells and little necrosis. The sinusoids of 
the anterior lobe were often.distended and engorged with blood. Cellu- 
lar and amorphous debris were trapped in residual lumina of Rathke’s 
pouch and in scattered necrotic areas within the anterior lobe. In both 
anterior and intermediate lobes nuclei were frequently predominantly 
pyknotic or hyperchromophilic. The cytoplasm of the epithelial cells 
tended to be indistinct, cell boundaries undelineated, and the tissue 
appeared somewhat edematous. In the anterior lobes of most of the 
implants, centrally placed necrotic tissue and extravasated erythrocytes 
could be seen surrounded by an irregular cortex of relatively healthy 
cells (fig. 1). Within the debris, chromophils in which no stainable 
nuclear material remained could readily be identified, but the cytoplasm 
was intact and could be selectively or specifically stained (fig. 2). 

One day after implantation, small blood vessels appeared to enter the 
implant from the iris at points of contact. However, judging from the 
extravasated blood in the tissue and the dilatation of the anterior-lobe 
sinusoids, which were packed with erythrocytes, revascularization was 
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not well established until approximately the 8th day. It must be pointed 
out that in all but i of the implants of 1 to 8 days, varying amounts of 
intact, healthy epithelial tissue could be seen (fig. 3), but their intact 
state could not be correlated with the length of time after implantation. 
One of the 3-day implants looked completely necrotic throughout the 
serial sections, and no attachment to the iris could be found. 

The tissue degeneration in the initial stages after implantation was 
apparently not due to mechanical injury to the pituitaries by the dis- 
section procedure prior to implantation. Three pituitaries from newborn 
animals were dissected as for implantation, allowed to stand in Tyrode’s 
fluid 20 to 60 minutes, then fixed and prepared for histologic examination. 
Except for a thin marginal rim, 2 or 3 cells thick, showing histologic signs 
of damage, these pituitaries were not detectably different from 4 other 
pituitaries of newborn mice that were fixed in situ before dissection and 
histologic preparation. 

Eleven days or more after implantation—At 11 or more days, the epi- 
thelial tissue was intact, cell boundaries were distinct, and the vascular 
pattern was more or less normal with the exception of 1 unusually small 
15-day implant. The only indication, in the remainder of the series, 
of the degeneration of tissue that occurred during the first week was the 
presence of rather large cavities within the epithelial tissues containing 
variable amounts of blood, and, in the 11- to 15-day groups, some debris 
as well. The debris was apparently absorbed or phagocytosed progres- 
sively with time and was not seen after 15 days. 

Between the day of implantation and day 15 the implanted tissue 
grew (table 2) in spite of the necrosis that occurred in the early period. 
Mitoses were frequently seen in all implanted anterior lobes after the 
8th day but were quite infrequent before this time. 

Beginning at 36 days, small vacuoles were seen scattered in the “‘chro- 
mophobic”’ anterior-lobe tissue but it was difficult to determine whether 
this vacuolation was intracellular or intercellular. However the 14-month 
implants had numerous large ‘“chromophobes” which clearly contained 
large nonstaining vacuoles. 


Anterior-Lobe Cytology 


Two of the 3 staining methods used in this study stain differentially 
the 3 main classes of pituitary cells, traditionally called “basophils,” 
“acidophils,”’ and “chromophobes.” ‘Basophils” are stained by the 
recolorized leucofuchsin of the PAS procedure and by aniline blue in 
the Mallory technique. Either of these stains will allow differentiation 
among “basophils” of “thyrotrophs” and “gonadotrophs” on a mor- 
phologic and distributional basis (14) in certain species, including the 
mouse. ‘Acidophils’’ are stained by the orange G counterstain of the 
PAS method, and by acid fuchsin in the Mallory method. ‘“Chromo- 
phobes,” as their name implies, are not stained by these nor by any of the 
traditional pituitary stains. However, some of the “chromophobes” are 
stained by basic dyes, e.g., toluidine blue, by virtue of their ribonucleic 
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TARLE 1.—Summary 







































































Days a Anterior lobe 
after of Neural lobe Intermediate lobe 
implanta-| mice Condition of tissue 
tion 
1 3 | Present but vari- Generally not com- Much necrosis, 
ably intact or pletely intact; blood-engorged 
edematous (de- variable amount sinusoids, 
generate). of necrosis. edema, nuclear 
pyknosis. 
3 | “cc “ce “ce 
| “ “c “cc | 
8 Present but a “ 
atrophied to 
small remnant. 

11 3 ” Intact; small PAS- Almost uniformly | 
positive cells, intact, pre- 
some with nega- dominantly ve- 
tive Golgi image. sicular nuclei, 
Mitosis present. compact sinusoid | 
Volume of lobe arrangement. | 
decidedly in- | 
creased. 

15 3 No recognizable " i 

remnant in any 
case. 

20 7 ” Cell size increased, “ 
staining some- 
what increased, 
more frequent 
Golgi images. 

25 2 “ “ce “cc 

| 

36 3 > Cell size definitely Some vacuolation 
greater, Golgi of cytoplasm. 
images larger 
and more fre- 
quent, less mito- 
sis, light and 
dark cells. 

51 3 | ‘“ “ “ 

4% mos. 2 - “ “ 
| 
14 mos. 7 | “ “ 





Considerable num- 
bers of vacuolated 
cells, some scat- 
tered pyknotic 
nuclei. 
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of histologic findings 
| Anterior lobe—Continued 
| 
Acidophils Basophils Cytoplasmic 


Chromophobes 


basophilia 





| Good numbers of 

| acidophils in in- 

| tact portions. 

| Also many dead 

|  acidophils lack- 

| ing stainable 

nuclei in interior 
necrotic areas. 


Same comments 
as for acido- 
phils. 


Nothing unusual 
regarding 
chromophobes. 














Good numbers 
present. 


No definite baso- 
phils seen. 


Some large 
— no 
olgi images. 


Present but not 
obviously 
greater than in 
normal 11-day 
pituitary. 





Variable numbers, 
| probably less 

| frequent than 
above. 


A few pale PAS 
+ cells, vesicu- 
lar nuclei. 


Some Golgi 
images in 
*phobes: vesicu- 
lar nuclei; 
nucleoli. 





“ 


Much greater 
than in normal 
20-day-old 
a. ; 

eavy staining 
in cytoplasm 
ca. Golgi 
zone. 








A few in one im- 
plant clear and 
pyknotic. 


Increasing nos. 
of Golgi images. 


Increasing cyto- 
plasmic baso- 
philia. 





| Markedly reduced 
| numbers, with 

| high proportion 
of pyknotic 
nuclei and 
shrunken cyto- 
plasm. 





Possibly a few in 
one implant. 


(Less mitosis) 
Chromophobes 
begin to line up 
along sinusoids 
as ‘‘palisades”’ 
with nuclei in 
basal position. 


“c 





“ce 


None seen 


“cc 





“ 





“cc 


Even more and 
larger Golgi, 
palisade forma- 
tion through- 
out. 





Hardly any seen. 











Increased size of 
cells and nucle- 
oli. 
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TABLE 2.—Implants in normal hosts and normal pituitaries 





| Implants in normal hosts 


























Time after| ' | Percent of | 
implanta-| Calculated volumes (mm.*) | total volume 
tion (days) Fr - - A/I 
Anterior nterme- Neura | wr 
lobe _| diate lobe lobe | otal | Ant. | Int. Neu. 
15 0. 0449 | 0. 0209 | — | 0. 0658 | 68 | 32 |} — | 215 
25 0. 1321 0. 0288 | -—- | 0. 1609 | 82 | 18 | — | 458 
36 0.1476 | 0.0454 | — | 0.1930 | 76 | 24 | — | 3.24 
51 0.2480 | 0.1345 | — | 0.3826 | 65 35 | _ 1. 84 
| | 
a Normal pituitaries 
| 
1 ? 0. 0382 0. 0049 0. 0058 0. 0480 78 10 12 7. 73 
Be: 0. 0390 
3 M 0. 0451 0. 0069 0. 0088 0. 0608 74 11 | 15 6. 51 
3 F 0. 0749 0. 0135 0. 0127 0. 1013 74 13 13 5. 51 
8 M 0. 0760 0. 0134 0. 0156 0.1051 | 72 | 13 15 5. 64 
26 =F 0. 1612 0. 0404 0. 0249 0.2266 | 71 | 18 11 3. 99 
33 M 0. 3630 0.0695 | 0.0427 0. 4754 76 | 14 9 | 6.88 














acid content. Thus, in respect to basic dyes, these cells are not literally 
“chromophobes.”’ For simplicity, the traditional terminology will be 
employed in this paper but the terms will be enclosed in quotation marks 
for reasons that will be indicated in the Discussion. 

“Chromophils” were far less numerous in all the implants than in nor- 
mal pituitaries. Among the implants the highest proportions of ‘chro- 
mophils” were seen in intact areas during the first week. After the first 
week, cells with specifically stainable granules became progressively more 
scarce. This loss of stainability was in contrast to the marked increase 
in chromophils which took place in the normal mouse pituitaries follow- 
ing the day of birth. Figure 22 illustrates a typical area from the lateral 
portion of a 54-day-old mouse pituitary. In contrast to the predomi- 
nantly ‘“chromophobic” anterior lobes of 51-day implants (fig. 23), both 
“basophils” and “acidophils” are numerous and large. 

The nuclei of “acidophils” in 1- to 8-day implants were either vesicular 
or pyknotic, reflecting the state of relative intactness or degeneration of 
parts of the gland. In the 11- to 25-day implants well-granulated 
“acidophils” were present in all cases (fig. 21), though fewer than normal, 
and almost all had clear, vesicular nuclei with conspicuous nucleoli. In 
the 36-day, 51-day, and 4%-month implants, however, ‘‘acidophils’” were 
extremely scarce and their nuclei were usually pyknotic. In these, the 
cytoplasm was generally reduced in size and often compressed in shape. 

“Basophils,” like “acidophils,” could be recognized in some of the 
intact areas of anterior-lobe tissue of implants during the first week. 
Their nuclei were likewise either pyknotic or vesicular. Their cytoplasm 
stained faintly with aniline blue or with PAS, and was generally more 
voluminous than that of acidophils. In most of the remainder of the 
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series, cells having the tinctorial characteristics of “basophils” could not 
be differentiated even upon serial examination of sections. In 6 out of 
the 16 implants of 11 to 51 days, a very few cells could be discerned which 
stained faintly with aniline blue or PAS, and these were generally rather 
large cells as compared with “acidophils.” 

“Chromophobes”’ obviously constituted the major portion of anterior- 
lobe tissue of transplants older than 11 days. Beginning at 15 days, it 
was apparent that some of the “chromophobes,” which were distinguished 
by their inability to take up the standard pituitary stains, differed mor- 
phologically from the classical ‘“chromophobes” of normal pituitaries. 
Many of the nonstaining cells were conspicuously larger than is usual for 
“chromophobes,” and, furthermore, negative Golgi images could clearly 
be seen in the cytoplasm. The proportion of total cells constituted by 
the large Golgi-containing “chromophobes” increased markedly with 
time, so that in the 51-day and 4%-month groups they were in large 
majority. These cells almost always had vesicular nuclei, and quite 
commonly had large, brilliantly stained nucleoli. 

Two morphologically distinct types of “chromophobes” could be rec- 
ognized, and these had a different distribution in the implanted anterior 
lobes. One type, small in number, was localized in those portions of an- 
terior-lobe tissue which were adjacent to what would normally be the 
lateral and anterior portions of intermediate lobe and to the pars tuberalis 
(fig. 6). This area was characterized by Purves and Griesbach (1/4) as 
the “‘sex zone”’ where gonadotrophic “basophils” are concentrated. The 
cells in this area in the implants tended to be relatively large in compari- 
son to the other anterior-lobe cells, and to have distinct, though non- 
staining, granules in the cytoplasm. The presence and character of the 
cells in this area were rendered more conspicuous by their formation into 
acini demarcated by abundant connective tissue and sinusoids—a similar 
circumstance to that found in this region in the intact mouse pituitary 
gland. PAS-positive or aniline blue-positive cells, though infrequently 
seen, were most commonly found in this region. 

The second type of ‘‘chromophobe,”’ much more plentiful than the one 
described above, was distributed uniformly throughout the remainder 
of the anterior-lobe tissue (figs. 4, 5, and 6). The cytoplasm, unlike that 
of the first cell type described, was nongranular, and was smooth and 
homogeneous in appearance. Negative Golgi images were more readily 
distinguished in these cells. These more numerous ‘‘chromophobes”’ 
were arranged in a conspicuous “‘palisade”’ formation along the sinusoids 
(fig. 10). The “palisade” appearance was produced by the alignment of 
cells of uniform size and shape, with basilar nuclei and supranuclear 
Golgi images. Some evidence of palisade formation was first seen in the 
20-day implants, but by 51 days these dominated the appearance of the 
anterior-lobe tissue. 

Most of the “chromophobes” of the implants showed conspicuous 
cytoplasmic basophilia with toluidine blue, excepting those of the “‘sex 
zone”’ which were virtually unstained (fig. 7). This staining of the an- 
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terior-lobe cells and of a smaller proportion of intermediate-lobe cells was 
apparently due to ribonucleic acid, as all the cytoplasmic basophilia was 
destroyed by the ribonuclease pretreatment. The homogeneous mass of 
cytoplasmic nucleoprotein was characteristically localized peripherally in 
the cell producing a ring-shaped configuration enclosing the unstained 
Golgi area (fig. 9). 

Pituitaries implanted for 11 and 20 days were compared as to degree 
of RNA staining with normal glands from 11- and 20-day-old mice. 
Figures 13 to 16 demonstrate the results and show that the normal glands 
from both age groups displayed very little staining, mostly of a diffuse 
character, but some perinuclear masses were present. In the 11-day im- 
plant there was an indication of the possible presence of more cytoplas- 
mic basophilic material than in its normal counterpart, whereas, in the 
20-day implant the amount of RNA had obviously increased and was 
localized in the typical fashion described above. Studies of later im- 
plants bore out the indication that the cytoplasmic RNA content may 
increase with time after implantation and that it occurs in larger concen- 
tration than in normal pituitaries of corresponding age. 

In the normal intact pituitaries, RNA-containing cells (presumably 
“acidophils’’) were found primarily in the lateral areas of the gland while 
the “sex zone,” and “basophils” generally, were negative. Within 
individual cells, RNA was most frequently seen as an amorphous mass of 
deeply staining material closely adherent to the nuclear wall, while 
occasionally it was present as a thin rim at the extreme periphery of the 
cell. Figures 11 and 12 illustrate the staining pattern for nucleoprotein 
compared with that of the PAS-positive material in the ‘‘sex zone” from 
a 2%-month-old female mouse. 


Neural Lobe 


The neural lobe could be recognized at 1, 3, and 5 days following 
implantation in either intact or degenerate form (figs. 1, 3, and 21). 
None of the subsequent implants contained any recognizable neural lobe. 


Intermediate Lobe 


In the first week after implantation, mitoses were rarely seen in the 
intermediate lobe. Numerous pyknotic nuclei were frequently seen and 
cells were generally very small and they stained poorly. However, by 
11 days a definite increase in cell size, cytoplasmic staining, and fre- 
quency of mitosis was observed. In addition, negative Golgi images were 
clearly definable in the cytoplasm and the nuclei had generally become 
large and vesicular with prominent nucleoli. In the stages after 11 days, 
the cell size, the frequency and size of the Golgi images, and the size of 
nucleoli increased further, as did the apparent over-all size of the pars 
intermedia. At the same time, the staining intensity of the intermedi- 
ate-lobe cells was only slightly increased. In the 36-day group and in 
all subsequent groups, some of the cells stained well with PAS or aniline 
blue, while others stained scarcely at all (fig. 18). A size difference in 
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the tinctorially distinct cells was striking: the nonstaining cells were larger 
and more frequently showed a large Golgi image. 

The relatively greater increase in total volume of the intermediate 
lobe as compared with that of the anterior lobe is reflected in the ratios 
of calculated total anterior-lobe volume to intermediate-lobe volume for 
implants and for normal pituitaries (table 2). 

Intermediate-lobe cells had far less histochemically demonstrable 
cytoplasmic basophilic material (RNA) (fig. 8). Many cells, in fact, 
did not stain at all, in contrast to the positive reaction of most anterior- 
lobe cells. 


Pars Tuberalis 


Cells of the pars tuberalis were seen in implants throughout the series 
(fig. 19). They were readily identified by their content of strongly 
PAS-positive, saliva-labile material, presumably glycogen (15). The 
glycogen in the epithelial layer of the cornea (16) surrounding the implants 
was also revealed by this method, and thereby provided additional control 
for the salivary digestion. Neither the corneal epithelium nor the pars 
tuberalis displayed metachromasia with toluidine-blue staining, while the 
mucopolysaccharide-containing substantia propria was strongly meta- 
chromatic. These results are consistent with the view that the material 
stained by PAS in the pars tuberalis is glycogen. 


Fourteen Months after Implantation of Pituitaries 


The 7 implants that had been allowed to remain in the eye 14 months 
were all very enlarged, and it was apparent from gross examination that 
they were considerably larger than normal adult mouse pituitaries. They 
consisted predominantly of anterior-lobe tissue in which no ‘‘chromophils”’ 
could be seen (fig. 24). The ‘“chromophobes” of these implants were 
very enlarged, displayed greatly hypertrophied Golgi images, and were 
occasionally vacuolated. There was some evidence of palisade forma- 
tion of cells along sinusoids as in the implants described above. Some 
nucleoli of tremendous size were seen which filled most of their respective 
nuclei. 

In contrast to all the earlier implants, the intermediate lobe after 14 
months comprised only a small fraction of the total implant. The 
cytology of the intermediate lobes, however, was similar to that in the 
several previous groups. In addition there were no longer any large 
empty “pockets” in the implants, these presumably having been filled up 
by growth of the tissue. Thus, between 4% and 14 months, the inter- 
mediate lobe remained apparently unchanged, whereas the anterior lobe 
showed marked hyperactivity, hypertrophy, and hyperplasia. 


Discussion 


A large portion of some of the first-week implants was obviously 
necrotic tissue, and it is possible that functional effects of such “grafts’”’ 
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might be due to absorption of hormones from dead cells rather than true 
secretion. It may also be reiterated that in the early implants the tissue 
was not uniform in condition throughout serial sections of the implant; 
the more intact tissues tended to be adjacent to the iris, the source of 
revascularization. These findings strongly indicate that, for a true 
assessment of the morphologic state of an implant, serial sections are 
required. 

The degranulation of anterior-lobe cells after transplantation, observed 
in the present study, has been reported by previous observers (2,3,5-7,10). 
Degranulation has also been noted following stalk section (17,18) and 
hypothalamic lesions (19). Because of the impaired function of the 
anterior pituitary when severed from its connections with the hypo- 
thalamus, the searcity of specific granulation has been interpreted as the 
cytologic manifestation of loss of activity (20). However, transplanted 
anterior lobe has been reported to be capable of maintaining a number 
of its usual functions, 7.e., stimulation of thyroidal iodine metabolism (1), 
release of corticotrophin in response to systemic stress (6,7), partial 
adrenal maintenance (5), and luteotrophin secretion (21,22). Since such 
implants are composed almost entirely of ‘“chromophobes,” it may be 
postulated that the ‘““chromophobes”’ are, in fact, the elements responsible 
for some or all of the functional activity. Accordingly, at least some 
of the “chromophobes” may be poorly granulated ‘‘chromophils’’ whose 
rate of secretion exceeds that of the rate of synthesis. Supporting this 
concept are the findings in this study, first, of a rich cytoplasmic RNA 
content of the “chromophobes” of the implanted pituitaries, implying a 
high level of protein synthesis (23), and second, of the simultaneously 
occurring morphologic features (enlarged Golgi images and nucleoli and 
increased cell size) generally considered indicative of heightened secretory 
activity. Of course, as these cytochemical and cytologic features by 
themselves do not necessarily imply the elaboration and secretion of 
biologically active pituitary hormones, the synthetic activity of these 
cells could conceivably be, at least in part, of a nonhormonal nature. 

That so-called “chromophobes” may be among the active secretory 
elements in pituitaries functioning in situ has been postulated previously 
on the basis of observations of estrogen-treated animals (24). In such 
pituitaries, enlarged cells showing cytologic evidence of activity were 
seen (enlarged Golgi and nucleoli and numerous mitochondria). Thus, 
as Severinghaus (25) has pointed out, before assigning a cell to the category 
of quiescent ‘“‘stem-cell chromophobes,” it seems necessary to observe 
other cytologic features in addition to its tinctorial properties. 

The occurrence of increased cytoplasmic RNA in normal pituitaries 
has been observed following estrogen injections (24,26). Desclin (26) 
observed that the cytoplasmic basophilic masses were practically never 
seen in normal rat “basophils” or “chromophobes,”’ and rarely in eosino- 
phils, but they were abundant during pseudopregnancy, pregnancy, 
lactation, or estrone treatment in ‘“‘chromophobes” and “acidophils.” 
He also noted that while aniline blue stained the regular “basophils,” 
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both before and after ribonuclease treatment, this dye was poorly re- 
active on the cells that stained with basic dyes. Wolfe (24) observed 
that during estrogen treatment, when both ‘‘acidophils” and ‘“‘basophils”’ 
degranulate, the degranulating ‘‘acidophils” and the cytologically active 
“chromophobes” were characterized by intense cytoplasmic basophilia. 
Wolfe distinguished between ‘‘active” and “inactive” ‘‘chromophobes’’ 
on the basis of these cytologic criteria. Desclin and Gregoire (2) studied 
the morphology of pituitaries transplanted in the kidney for 15 days 
and found that estrogen injection resulted, as in their normal pituitaries, 
in greatly increased numbers of cells staining with basic dyes.’ These 
cells were characterized by Golgi areas of larger dimension displacing 
the basophilic cytoplasm peripherally in the cell; thus they resembled the 
RNA-rich “‘chromophobes” of Wolfe’s estrogen-stimulated pituitaries 
and those implanted in mice for 20 days and longer in the present study. 
Although the morphologic resemblance between the large ‘‘chromophobes”’ 
of the different preparations does not necessarily imply a functional 
similarity, the appearance of these cells in response to estrogen in both 
normal and implanted glands suggests that, in these circumstances, these 
cells are a morphologic expression of the functional response to estrogen. 
Furthermore, the findings that grafted pituitaries are capable of luteo- 
trophin secretion with (2/) and without (22) estrogen treatment are 
consistent with the idea that the large, RNA-rich ‘“chromophobes,”’ 
presumably degranulated “acidophils,’ are involved in luteotrophin 
production in the implants and in pituitaries in situ in the case of es- 
trinized or lactating animals. 

In view of the fact that the implanted rat pituitary was found capable 
of responding to stress (6,7), it is interesting to note that Finerty, Hess, 
and Binhammer (28) found increased cytoplasmic RNA in “acidophils’’ 
and “chromophobes” of normal rat pituitaries 1 hour and more after 
stress. 

Thyrotrophin is known to be produced by transplanted mouse pitu- 
itaries (1). The PAS procedure is believed to stain thyrotrophin or its 
precursor in normal pituitaries, but since the anterior lobes of the implants 
were virtually negative to PAS after the first week, no information as to 
a possible localization of thyrotrophin production was forthcoming. 





* The traditional terminology for the pituitary cells has been criticized in the past as being inappropriate and 
unreasonable (24). Both “‘acidophils” and ‘“‘basophils” are stained with acid dyes in the standard trichrome 
procedures; and ‘‘acidophils” have been stained with basic fuchsin. Further, ‘‘basophils” stain poorly, !f at all, 
with any of the basic dyes, while both “acidophils” and “‘chromophobes” may exhibit a high degree of cytoplasmic 
basophilia. Because of the literal inaccuracy of these terms they have been enclosed in quotation marks through- 
out this paper. It should be recorded here that a recent publication (27) has presented evidence that throughout 
most of the pH range of the staining solutions, an acid dye, fast green, stained ‘“‘acidophils” more intensely than 
“basophils,” and a basic dye, methylene blue, stained “basophils” more intensely than “acidophils.” The 
authors concluded on the basis of their study that the nomenclature acidophil, basophil, and chromophobe is 
informative and should be retained. However, the data were derived from the use of only 1 acid dye and 1 basic 
dye; at pH values between 6 and 7 the staining curves crossed so that the acid dye stained “basophils”? more 
strongly than “‘acidophils” with increasing pH; and between pH 6 and 7 each dye stained either “acidophils” 
or “basophils” with equal intensity. Further, the authors point out that the acid dye aniline blue stains “‘baso- 
phils” more intensely than “‘acidophils” at each pH. Further work may show that unqualified retention of the 
old terminology is indeed reasonable. At present it might be preferable to remember that the names of the cells 
refer to distinct morphologic entities irrespective of tinctorial implications. 

’ Martins ($) also reported this effect in intra-ocular transplants using the methyl] green-pyronine stain. 
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Because of the marked hyperplasia seen in the intermediate lobe fol- 
lowing transplantation of the pituitary or following the induction of 
hypothalamic lesions, it was considered possible that the intermediate 
lobe might be the source of a thyrotrophic hormone which particularly 
stimulated the metabolism of radioiodine by the thyroid. Previous 
studies had indicated that thyroidal I'* metabolism was maintained to 
a much greater extent in both the above experimental circumstances 
than was thyroidal growth (1). Accordingly a series of mice was implanted 
with anterior lobe alone or with intermediate plus posterior lobe and a 
very small amount of anterior lobe. Functional studies indicated that 
all the thyrotrophic activity of transplanted pituitaries was accounted 
for by the anterior lobe alone (unpublished data). 

Similarly, assays performed by Dr. R. W. Bates on isolated anterior, 
intermediate, or posterior lobe of both the rabbit and the rat showed 
that only anterior-lobe tissue caused thyroidal iodine depletion in the 
chick. 

A preliminary experiment revealed no apparent morphologic differences 
between implants in animals which were: (a) untreated, (b) hypophysecto- 
mized, (c) hypophysectomized and castrated, (d) hypophysectomized and 
fed propylthiouracil. 

The atrophy of the neural lobe in this series confirms the findings of 
many other investigations involving separation of the neural lobe from 
the brain. Atrophy of the neural lobe has been observed following trans- 
plantation (5,8), stalk section (17,18), and hypothalamic lesions (29,30). 
That it has not been reported more frequently in implants is probably due 
to the fact that in most studies only anterior lobe has been implanted. 

The intermediate-lobe hypertrophy in the ocular implants of the present 
study may be compared to the findings of Etkin in the frog (3/). Trans- 
plantation of the epithelial portions of the pituitary, either as a primor- 
dium or as the differentiated gland, resulted in hypertrophy and hyper- 
plasia of the intermediate lobe, associated with excessive pigmentation 
of the host. Similar results were also produced by infundibular lesions. 
This suggested a restraining influence of the infundibulum on interme- 
diate-lobe growth and activity. As far as we are aware, no previous 
reports have been made of intermediate-lobe hypertrophy in transplanted 
mammalian pituitaries. However, Brooks (17) found in the stalk-sectioned 
rabbit that, in comparison with anterior and posterior lobe, the inter- 
mediate lobe was much larger than normal and the cells were larger and 
stained more deeply. He described a granular formation in the cyto- 
plasm, which may be the negative Golgi image and macula densa, and 
notes that these granular aggregates were never seen in normal glands. 
Barrnett and Greep (18) found that the intermediate lobe was usually 
enlarged after stalk section in the rat. Intermediate-lobe hypertrophy 
was reported in the rat, after hypothalamic lesions, by Bogdanove and 
Halmi (30) and has also been seen in this laboratory. Thus there are 
4 types of preparations now reported in which interference with the 
brain-pituitary connections is followed by hypertrophy of the interme- 
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diate lobe. It may be of interest that intermediate-lobe hypertrophy is 
also seen in intact animals following certain hormone injections. Estrogen 
produced this effect very markedly in the hamster (32,33) and to a lesser 
extent in the rat (84). Corticotrophin caused hypertrophy and cytologic 
changes in intermediate-lobe cells in kittens (35). 

Previous reports on the maintenance of pars tuberalis cells after trans- 
plantation have apparently not been made. It is possible that these 
cells are not generally observed due to their inconspicuous appearance 
when ordinary histologic methods are employed. The preservation of 
glycogen and its demonstration with PAS staining (1/5) made possible 
the identification of the pars tuberalis in these implanted pituitaries. 
Since the function of the pars tuberalis is not known, the significance 
of its persistence in implants cannot be surmised. 


Summary 


1) Pituitaries of newborn mice were implanted in the anterior eye 
chambers of normal adult female mice of the same derivative strain 
(BALB/c X C3H), and the resulting viable transplants taken for cytologic 
study at varying intervals from 1 day to 14 months. 

2) It was found that during the first week following implantation (1-8 
days), the pituitaries were in varying stages of degeneration or necrosis, 
with marked stasis of blood and engorgement of sinusoids. Large areas 
of dead tissue could frequently be seen in one interior cavity. 

3) Anterior-lobe tissue grew well subsequent to the first week after 
implantation to the eye, though probably not so well as the interme- 
diate lobe. The stainability of anterior-lobe cells was much less than 
that of the normal gland; “acidophils’’ appeared less frequently with 
time until they were very rare by the 51st day, while just a few ‘‘baso- 
phils” were discernible in a minority of the specimens in the 15- to 36-day 
groups. 

4) The “chromophobes”’ of implanted anterior lobes were morphologi- 
cally dissimilar to those present in normal pituitaries, being much larger 
and having cytologic manifestations of activity. At the later time 
intervals these “‘chromophobes”’ formed striking “‘palisade”’ patterns and 
comprised a larger proportion of the cell population. 

5) The pars tuberalis with its content of glycogen survived well in the 
implants of this series. Mitoses were not observed in this lobe. 

6) The intermediate lobe, after the regression of the first week, exhib- 
ited considerable capacity for growth, attaining a. size comparable to 
that of normal in situ pituitaries of a corresponding age. Mitoses were 
humerous, and the cells stained well with PAS or aniline blue, while 
negative Golgi images were prominent in the ample cytoplasm. 

7) The neural lobe could be seen in implants of 1 to 8 days; in some 
of these it had a relatively intact appearance, and at other times it was 
markedly degenerated. At 11 days, only atrophic remnants were iden- 
tified, but by 15 days and in the remainder of the series the presence 
of the neural lobe or remnants thereof could not be ascertained. 
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FicureE 1.—Pituitary taken from the anterior eye chamber 5 days after implantation, 
containing a large mass of debris, D, in the residual lumen. The neural lobe, NL, 
has lost most of its nuclei and stainable droplets; the intermediate lobe is only 
a thin layer. Pars tuberalis, PT, is strongly positive to PAS. Anterior lobe, AL, 
peripheral to the debris, is edematous and somewhat disorganized, and nuclei are 
vesicular. PAS and hematoxylin. X 150 


Ficure 2.—Higher magnification of a portion of the debris in the same implant as in 
figure 1, illustrating ‘‘dead’”’ ‘‘chromophils” in which the nuclei no longer stain. 
Erythrocytes are also in the field. Modified Mallory. x 1250 
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PLATE 38 


Figure 3.—Another 5-day implant in which the 3 lobes appear intact. PAS and 


hematoxylin. X 150 
Fictre 4.—Anterior lobe of a 51-day implant illustrating ‘“‘chromophobes”’ of large 
size, the nuclei of which are oriented toward sinusoid; large Golgi images, prominent 


nucleoli. Modified Mallory. 1700 


Figure 5.—Anterior lobe of another 51-day implant, similar features as in figure 4. 


PAS, hematoxylin, and orange G. 1700 











JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 17 PLATE 38 


and 


large 
nent 





Siperstein and Greer 587 











DSS SIPERSTEIN AND 


PLATE 39 


Ficure 6.—Same 51-day implant as in figure 5. 
and anterior lobes. Just to the right of it is 
many of the larger, more granular type of “‘chre 
connective tissue, and farther right are the pre¢ 


GREER 


A blood vessel separates intermediate 
the area of anterior lobe containing 
ymophobes” surrounded by abundant 
lominating type of “‘chromophobes.”’ 


PAS, hematoxylin, and orange G. 360 
Ficure 7.—Another section from same implant as in figure 6. Demonstration of 
RNA in the eytoplasm. “Chromophobes” immediately to the right of the blood 


vessel, BV, did not take the stain, while those 
blue. 360 


farther right stained well. Toluidin 
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PLATE 40 


Figure 8 Another area from same section as in figure 7: intermediate lobe in upper 
half of photograph, anterior lobe in lower half. Note differences in 
and pattern of RNA staining between JL cells and AL *ehromophobes.”’ 


size of cells 
Toluidine 


i 


blue. 690 
magnification of field from same seetion illustrated in figures 7 
| RNA staining of evtop 


and 8, showing typical 





Picture 9.—Higher 
ism and nonstaining Golgi zone of 


“chromophobes.”’ 1700 
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‘IGURE Anterior lobe of 51-day implant, “palisade’’ formation of nuclei of **chro- 
| 10 Ant lol I-day lant | le’ f t fm f ‘cl 

mophobes” along sinusoids, nonstaining evtoplasin with visible Golgi images oriented 
away from sinusoids. PAS, hematoxylin, and orange G. 3490 


Fieure 11.—IJn situ pituitary of female mouse 2's months old (host to a 15-day im- 
plant Most rostral and ventral area of anterior lobe, where greatest concentration 
of “basophils” is seen. ‘Basophils’ appear gray in the photograph. The dark cells 


above the arrow are acidophils, .1 PAS, hematoxylin, and orange G 280 


Fietre 12.—Another section from the same area of the pituitary shown in figure 11 
for comparison of localization of PAS and RNA staining. The large “basophils” 
are very slightly stained or unstained, while considerable staining reaction is present 
in the “acidophil” area above. 


l 


Note the intense perinuclear staining reaction i 
some of the eells. Toluidine blue. 280 
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All sections stained for RNA at the same time. In each case only nuclear 
staining was possible in adjacent sections pretreated with ribonuclease. Toluidine 
blue. X 690 


‘IGURE 13.—J/n situ anterior lobe of an 11-day-old normal male mouse. Only some 
diffuse staining of cytoplasm, except for a cell (arrow) in the approximate center 


with a dark perinuclear mass. 


Fievre 14 Anterior lobe of 1l-day implant, not obviously different from a normal 
implant. 
Pictre 15 In situ anterior lobe of a normal 20-day-old female mouse 


} 


Fietre 16.—Twenty-day implant in which there are numerous large cells with 
peripheral masses of RNA typical of the older implants. In the center of the photo- 
graph a group of such cells is arranged in a circle bounded by connective tissue of 


2 sinusoid. 











JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 


Siperstein and Greer 








596 SIPERSTEIN AND GREER 


\ 


PLATE 43 





Figure 17.—-Intermedi lobe of a normal 54-day-old male mouse. Note homogene- 
ous staining of cytoplasm, small Golgi (arrows). PAS, hematoxylin, and orange 


G 1700 


Figure 18 Intermediate lobe of a 51-day implant. Some cells much darker 
smaller than most of the cells, very large Golgi images (arrows) in the 





‘ . large, pile 
cells. PAS, hematoxylin, and orange G. 1700 


Pigtre 19.—Fifteen-day implant with strongly PAS-positive pars tuberalis. Blood 





vessels passing through connective tissue from iris to implant. PAS and hema- 
toxvlin. 210 
Figure 20 Section adjacent to that in figure 19, pars tuberalis is PAS-negative 
Che nuclear staining is stronger in this seetion than in fig. 19. Sali PAS 
and hematoxvlin 210 
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Figure 21.—Eleven-day implant composed of healthy epithelial tissues 
containing some blood. “‘Chromophils” in piece of AL 
Mitoses in JL. PAS, hematoxylin, and orange G. 176 


Large pouch 


projecting into pouch. 


Fictre 22.—Anterior pituitary of a 54-day-old normal male 


ire vellow; PAS-positive cells, pink. 
“chromophils”’. 


mouse, ~Acidophils” 
Golgi images in eytoplasm of both types of 
PAS, hematoxylin, and orange G. 1700 


Fietre 23 Anterior lobe of a 51-day implant. Comparison with fig. 22 illustrates 
the difference in staining properties between the implant and a normal male mous 
pituitary of comparable age Note evtoplasmie detail, particularly of “palisade’”’ 
cells for comparison with RNA staining (figs. 8 and 9 PAS, hematoxylin, and 


orange G too” 


Ficure 24 Anterior lobe of an implant 





‘'r 14 months in the eve. Note inereased 


cell size, vacuoles, large Some extraordinarily large 


distinguished in the 


nucleoli. nucleoli not easily 


photograph, as they stain poorly. PAS, hematoxylin, and 


orange Ci ~~? 
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Unusual Neoplastic Lesions of the 
Uterine Horns of Estrogen-Treated 
Mice * 


W. U. Garpner and M. Ferricno, Department of 
Anatomy, Yale University School of Medicine, New 
Haven, Connecticut 


Tumors of the uterine cervix and upper vagina of estrogen-treated mice 
have been described (1,2). Tumors of the uterine cornua occurred rarely 
in mice. Lacassagne (3) described 1 very small carcinoma that was 
restricted to the endometrium of a uterine horn in which the central lumen 
was lined by a metaplastic squamous epithelium. This mouse had 
received prolonged treatment with estrogens and gonadotrophins. An 
undifferentiated uterine carcinoma was described by Woglom (4). This 
tumor resembled some reticulum-cell tumors (5). The uterus of the 
mouse is not infrequently the site of origin of, or involved in, reticulum-cell 
sarcomas. 

One rather large uterine adenocarcinoma, noted recently in a mouse of 
1 stock in this laboratory, and a number of smaller lesions, presumably of 
a similar type, are described below. 


Materials and Methods 


The experiments undertaken were designed to determine the effect of 
estrogens, administered either parenterally or topically, on cancer of the 
vagina and uterine cervix. Most of the mice used were from the BC 
stock,? although a few mice of several inbred strains were used. The 
significant aspect of this study is the description of the lesions rather 
than the genetic and quantitative data, since only the larger tumors or 
lesions were detectable, except accidentally, with the methods employed. 
All the mice in which lesions were observed were over 500 days of age at 
time of death, had been exposed to exogenous estrogen for 112 to over 300 
days, and had had from 1 to at least 5 pregnancies prior to estrogen treat- 
ment (table 1). Two mice received weekly subcutaneous injections of 250 
ug. of stilbestrol dissolved in 0.05 ml. of sesame oil; 5 received weekly 

1 Received for publication May 29, 1956. 

? This investigation was supported in part by grants from the Anna Fuller Fund, the Jane Coffin Childs Memo- 
rial Fund, and by grant C-343 from the National Cancer Institute of the National Institutes of Health, U. 8. 
Public Health Service. 

* BC refers to a group of mice derived by hybridizing ‘““PM” 9 < C3Ho and backcrosses to the PM mice fol- 
lowed by brother X sister inbreeding. The PM mice have been mentioned in other papers (Cancer Res. 14: 


204-209, 1954). Mice from the 25th to the 29th generations were used in this study. They were from several 
different sublines. 
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TABLE 1.—Age and treatment of mice with uterine lesions 

















: Age at 
Animal . 
Treatment* with —- Mewean yt Other tumor or 
. ; estrogens “ a (days) | (days) neoplastic lesionst 
No. | Strain (days) 
1 | BCt | 16.6 ug .weekly 285 311 596 | Stage 1V—cervical 
cancer 
2 BC “ 285 262 547 | Stage II—cervical 
lesion 
3 BC " 426 147 573 
4 BC - 365 255 620 | Stage I 
5 | CBA * 452 112 564 Mammary adeno- 
carcinoma 
6 BC | SS 250 ug. weekly 337 259 596 
7 BC “ 337 280 617 | Stage I 
8 BC | Intravaginal pellet 264 245 509 | Stage IV 

















*Once each week 15.6 ug. of estradiol benzoate was injected in 0.05 cc. of sesame oil. Each week, 250 yg. of stil- 
bestrol dissolved ‘n 0.05 cc. of sesame oil was injected. Intravaginal pellet—a pellet weighing about 8 mg. and 
containing 1 part stilbestrol to 3 parts cholesterol was fixed in the upper vagina. 


{Stages of uterocervical lesions were similar to those described earlier. Stage IV is considered to be invasive 
carcinoma (mouse #2). 


tMouse #1 and mouse #2 each had a granulosa-cell tumor, which was transplanted subcutaneously when 53 


days of age, but the transplant failed to grow. Mouse #3 also had a granulosa-cell tumor, transplanted sub- 
cutaneously, which failed to grow. 


subcutaneous injections of 16.6 yg. of estradiol benzoate dissolved in 
0.05 cc. of sesame oil; and 1 had a pellet of stilbestrol and cholesterol 
fixed in the upper vagina (1 part to 3 parts). The pellet was coated with 
colloidin and attached to a nylon thread which was passed through the 
cervix and attached to the uterus. In this way the pellet was held in 
place in the upper vagina. 

Three of the mice had been recipients of grafts of 2 different granulosa- 
cell tumors. The grafted tumors were transplanted subcutaneously but 
since they had not grown after 220 days or more, the mice were transferred 
to other experiments. The transplants were not found at necropsy. The 
number of litters that these 3 mice had is unknown. The female and 
male mice were housed together in groups of not more than 6 to a cage, 
and the young were removed at birth. Other mice, which did not acquire 
the lesion to be described, had also received transplants of the same 2 
ovarian tumors. These mice had been used in the breeding colony and 
the number of pregnancies and number of litters born and weaned were 
recorded and hence known. 


Observations 


One of the lesions was observed at necropsy in mouse #1 (table 1). 
When this mouse was 53 days old it received a subcutaneous graft of a 
granulosa-cell tumor. The tumor had not grown 233 days later. At 
necropsy, when the mouse was 596 days old, the grafted tissue could not 
be identified. The transplants had also failed to grow in 7 other recipi- 
ents—the tumor was apparently not autonomous. 

At necropsy a circumscribed, slightly pedunculated mass about 6 X 9 
mm. in diameter was attached to the wall of the central part of an enlarged 
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and cystic left uterine horn (fig. 1). Superficially it resembled a reticulum- 
cell tumor, although such tumors usually appear nearer the cervix. 

The uterine cervix was enlarged and the upper vaginal wall was slightly 
thickened. When examined under a dissecting microscope an epithelial 
lesion appeared to involve both the vaginal fornices and cervix. 

Histologically, the uterine tumor was composed of moderately compactly 
arranged alveolar or tubular structures lined by a cuboidal epithelium (figs. 
2and 3). The surface of the tumor was covered by asimilar epithelium 
and was apparently continuous with some of the deeper tubular structures. 
The epithelial layer replaced the normal serosal mesothelium. The lesion, 
insofar as the continuity of the tubules or clefts with the free surface of 
the tumor was concerned, resembled, superficially, the tubular adenomas 
found in ovaries under appropriate conditions. The stromal collagen 
formed an open network and was moderately vascularized. Mitotic 
figures were moderately numerous. The uterine glands did not contact 
the tumor at any point, although the myometrium was invaded at the 
place of attachment. 

At first it was thought that the tumor might be an endometrial adeno- 
carcinoma. No other lesion of this type in mice had been noted previously. 
The possibility of its being a metastasis of the uterocervical cancer was 
slight. 

The uterocervical lesion was an invasive epidermoid carcinoma 
(Stage IV; figs. 4 and 5). The entire cervix was replaced by tumor and 
some extension occurred into 1 vaginal fornix. Dorsally, the cancer had 
spread to the rectum but in no place did it transgress the serosa. The 
entire area was sectioned and 2 out of every 10 sections cut at 8u were 
examined. 

The right uterine horn was enlarged; the serosa was intact and the 
myometrium well developed. The endometrial stroma was almost entirely 
hyaline. Plasma cells and polymorphonuclear leukocytes were accumu- 
lated in small numbers near the luminal basement membrane. Most of 
the glands were cystic and distended. 

A second lesion appeared in a mouse (#2, table 1) treated in the same way 
as mouse #1, except that it was killed when 547 days old. No uterine 
lesions were noted at necropsy. The uterine cervix was enlarged but 
a uterocervical tumor was not noted. The right uterine horn contained 
an abscess. 

A small nodule of alveolar tissue, not over 0.5 mm. in diameter and 
covered by a columnar epithelium, was attached to the uterus about 
halfway between the mesometrial and antimesometrial surfaces. Except 
for size the growth was similar to the larger one previously described. 
The uterine horn in the area involved showed no pyometra; the endo- 
metrium was largely hyaline. Only 7 sections of each uterine horn were 
available. The growth was limited to 1 uterine horn. 

An epithelial lesion (Stage II) involved the lower half of the uterine 
cervix. The lesion was composed of well-differentiated stratified squamous 
epithelium. 
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Another mouse (#3, table 1) had 1 nodule that measured about 0.5 mm. 
in diameter and was composed of small alveoli. Although several mm. 
segments of both uterine horns were sectioned only 1 nodule was found. 
It was attached at the junction of the uterus and mesometrium. The 
surface of the lesion was covered by mesothelium. Mitotic figures were 
quite numerous. Pyometra was lacking. The uterine cervix and vagina 
showed no epithelial lesions. 

Several mm. of both uterine horns of another mouse (#4, table 1) were 
sectioned serially. One nodule was located on the antimesometrial border 
of one uterine horn at one level (figs. 6 and 7). A few mm. away another 
growth was located at the uteromesometrial junction. This lesion, un- 
like the other, was composed of multiple papillary projections from the 
serosal surface. Only a few alveolar nodules were found in the subserosal 
or outer muscular layers. Mitotic figures were abundant in both nodules. 
Two small nodules were found at or near the uteromesometrial junction 
of the other uterine horn. The uterine cervix had a small area of epithe- 
lial ingrowth rated as Stage I. This small lesion was located near the ven- 
tral aspect of the cervix near the external os. 

Two lesions were detected, 1 on the lateral side of one uterine horn and 1 
on the distal mesometrium of a strain CBA mouse (#5, table 1). One 
lesion was less than 1 mm. in diameter and was composed of small, compact 
alveoli (fig. 9). The other was over 2 mm. long and of the papillary type. 
In some areas the lesion was only 1 cell thick, resembling a thickening of 
the serosa. In a few regions the cells extended into the serosal areas, 
apparently into lymphatics. The uterine horns were very large, the well- 
developed glands were largely cystic and hyperplastic. The uterine cervix 
was without epithelial Jesions. 

Two mice (#6 and #7, table 1) were sisters, and both, after serving as 
breeding animals for the first 337 days, were given weekly injections of 
250 ug. of stilbestrol for the remainder of their lives. Both mice had small 
lesions about 1 mm. in diameter at the uteromesometrial junction. One 
nodule was located predominantly in the outer myometrium; the second 
was papillary (figs. 8, 10, and 11). One of the mice had a very small and 
somewhat questionable uterocervical lesion. 

A very small uterine subserosal nodule was found in the last mouse 
(#8, table 1). This nodule, about 0.5 mm. in diameter, was located just 
distal to the uteromesometrial junction. The mouse had a large epi- 
dermoid carcinoma of the upper vagina and cervix in relation to the intra- 
vaginal pellet. Lateral to the vaginal orifice was a tumor measuring about 
15 mm. in diameter. Its origin, however, was not related to the genital 
tract. 


Discussion 
The small uterine subserosal lesions are thought to be similar to the 
1 larger tumor, except that they are at earlier stages. The tumors were 


multiple, as many as 3 separate tumors being found on the few mm. seg- 
ments of one uterine horn in one instance. The greater number of lesions 
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appeared at, or near, the uteromesometrial juncticn. Quantitative as- 
pects of the study are unsatisfactory, however, because the smaller lesions 
were not noted until after the uterine horns were sectioned for microscopic 
examination. Only sections 4 to 6 mm. in length from the central part 
of each uterine horn were preserved for histologic study. Similar lesions 
may have occurred at other areas. Also, similar lesions may have been 
present in uteri of other animals and not detected. Under the cir- 
cumstances of the experiment an incidence of approximately 5 percent 
would be a rough estimate. The fact that in 2 instances 2 sisters had 
lesions indicates a possible familial influence. 

The possibility of serosal metastasis from tumors of cervical origin 
was considered but excluded because only 2 mice had extensive cervical 
lesions. Although pyometra is not rare in mice given estrogens, and most 
mice given estrogens have septic uteri at some time, the lesions could not 
be associated with uterine or peritoneal infections (6,7). No adhesions 
were noted in any of the animals. The lesions could not be considered to 
be granulomatous. 

Endometriosis has not been described as occurring in mice insofar as is 
known. The lesions might have had such an origin. The multiparity 
of all the mice was a common feature, and in this respect the mice differed 
from those studied earlier (2,6,8). In no instance, however, were cells 
observed that resembled uteroluminal epithelium. The resemblance 
to the deeper parts of the endometrial glands was not too striking. The 
possible development of the tumors from embryologic miillerian remnants 
seems plausible. The cells resembled somewhat those of ovarian ger- 
minal epithelium of the ovary. The larger lesions—1 mm. or more in 
diameter—were, however, quite unlike the larger ovarian tubular 
adenomas. 

Furthermore, none of the ovaries among the mice of this group showed 
germinal epithelial ingrowths. All ovaries were similar to those of animals 
of comparable age receiving similar treatment. 

The tumors seemed to arise from the serosa or from the serosa and under- 
lying lymphatic capillaries. The subserosal area of the uterus of estrogen- 
treated mice contains abundant lymphatics. The infiltrating epithelial 
growths encroach upon the lymphatics rather quickly. 

The uterocervical tumors were of the type observed among many 
estrogen-treated mice (2,6,8). The “nontumorous” areas of the uterus 
were also characteristic of the treatment. Most animals showed at least 
some cystic glands and most of the uteri had a pink-staining hyaline 
endometrial stroma (6). 


Summary 


1) Eight multiparous mice from 2 inbred strains that had been exposed 
to estrogens, either intravaginally applied or injected subcutaneously, 
had subserosal uterine lesions, adenomas, or adenocarcinomas. 

2) Five of the mice also had infiltrative uterocervical lesions, 2 of 
which were considered to be epidermoid carcinomas. 
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3) The subserosal lesions were considered to arise either in proliferation 
of miillerian rests persisting along the serosa, from the serosa, or from 
endometriosis. 
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All sections were cut at 7 or 10y and stained with hematoxylin and triosin 


Figure 1.—Photomicrograph of a cross section of the tumor on the uterine horn of 
a mouse (#1, table 1). A portion of the wall of the cystic uterine horn is located on 
the left side of the photograph. The frames indicate the areas shown in figures 
2and3. X 14 


Figure 2.—Photomicrograph of the area at the junction of tumor and uterus. 
A portion of a uterine gland is at the mid-left border. The myometrium was invaded 
by the tumor. The tumor at this region is continuous with the serosa. X 90 


Ficure 3.—Photomicrograph of a peripheral area of the uterine tumor. X 270 

















BY 


4 


PLATE 


17 


VOL. 


CANCER INSTITUTE, 


NATIONAL 


THE 


tNAL OF 


JOU! 


ion 


‘om 


48 ; 


* 


uh 





ath. 





0Ta- 
wncer 


and 
gens 


zenic 


» 


na of 


1938. 


in 





Gardner and Ferrigno 











60S GARDNER AND FERRIGNO 


PLATE 46 


Figure 4.—Cross section through the cervix and vaginal fornices of a mouse (#1, 
table 1). The entire cervix is invaded by epidermoid carcinoma (Stage LV). 20 


Ficgtre 5.—Photomicrograph of an area of the above tumor. 90 
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Picture 6.—Cross section of a uterine horn of a 620-day-old mouse (#4, table 1). The 


small nodule is subserosally located at the antimesometrial border. Another small 
lesion appeared at the uteromesometrial junction at another level. 18 
Figure 7.—Photomicrograph of lesion shown in figure 6. 90 


Picture 8.—Photomicrograph of 1 of the 2 uterine lesions in a mouse 617 days old (#7, 
table | 


This lesion appeared at the antimesometrial border at a different level 
of the uterine horn than illustrated in figure 10. 90 


FPicure 9.—Photomicrograph of a small uterine tumor of a 564-day-old mouse 
#5, table 1). 90 
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PLATE 48 
Fictre 10.—Photograph of a cross seciion of the uterine horn of a mouse 596 days 
old (#6, table 1) showing the eystie lumen, hyaline stroma, and lesion at the 


utero mesometrial junction. Jnset shows area illustrated in figure 11. 18 


Fictre 11.—WNSee figure 10 above. QO 
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The Influence of Succinate and 2,4- 
Dinitrophenol on the Respiratory Ac- 
tivity of Mouse Cancers and Normal 
Tissues ' 


Mark Woops, Cytochemistry Section, Laboratory of 
Biochemistry, National Cancer Institute,’ Bethesda, 
Maryland 


That tumor metabolism is characterized by both an abnormally high 
glycolytic capacity and a relatively low respiration was first recognized 
by Warburg in 1923 (1). Recently (2, p. 310) he has reaffirmed and 
elaborated the view that “. . . for cancer formation there is necessary 
not only an irreversible damaging of the respiration but also an increase 
in the fermentation—indeed, such an increase of the fermentation that the 
failure of respiration is compensated for energetically . . . .”’ Among 
examples of numerous externally applied agents which may damage res- 
piration in an irreversible manner Warburg cities (a) removal of oxygen, 
(b) use of respiratory poisons, and (c) treatment with X rays. He states 
that “. . . any respiratory injury due to lack of energy, however, 
whether it is produced by oxygen deficiency or by respiratory poisons, 
must be cumulative since it isirreversible. . . ..” (2,p.310). Undersuch 
conditions, as Warburg points out (2, p. 309), “. . . both structure and 
respiration disappear. . ..” to a variable extent, and he suggests (2, p. 
310) that “ . . . the respiration connected with the grana remains dam- 
aged when it has once been damaged. . . .” This concept implies that 
an imposed energy deficiency results in permanent damage to the structure 
and respiratory function of the mitochondria,.and that this damaged 
state is inherited if cancer is to ensue. 

In the present study, measurements were made of the in vitro respiratory 
capacities of slices or whole cells of S91 melanoma, Krebs-2 ascites carci- 
noma, adult normal tissues, and growing normal tissues in the presence or 
absence of succinate, and/or 2,4-dinitrophenol. In addition normal brain 
tissues were subjected to anaerobic conditions, and alterations in subse- 
quently measured metabolic activities in the. presence of oxygen were 
noted. The data do not support the view that the relatively low Qo, values 
of the tumors studied are the result of an inherited irreversible damage of 
the type just referred to (2), since oxygen consumption could be elevated 
by removal of respiratory restraint (2,4-dinitrophenol) to approximately 
the range observed in normal tissues compared under similar conditions. 


1 Received for publication June 27, 1956. 
2 National Institutes of Health, Public Health Service, U. 3. Department of Health, Education, and Welfare. 
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Furthermore, normal brain, damaged by previous exposure to lack of 
oxygen, displayed a pattern of metabolic abnormality very different from 
that of the tumors. However, the data indicate that the tumors do fall 
within the range of tissue modifications previously characterized by 
Warburg as resulting from an “ . . . acceleration of glycolysis without 
corresponding acceleration of respiration, or obstruction of respiration 
without corresponding impedence of glycolysis . . . ” (1, p. 148). The 
data further show that a low response to exogenous succinate is character- 
istic of certain nonneoplastic growing tissues as well as of tumors. Factors 
affecting the magnitude of the in vitro succinate response are considered. 


Materials and Methods 


The S91 melanoma was maintained by intramuscular transplantation 
in C X DBA F, hybrid mice or in DBA mice. The Krebs-2 carcinoma 
was grown in the ascites form by intraperitoneal injection in the BALB/c 
strain of mice or in C X DBA F, mice. No differences attributable to 
host strain were encountered. Methods of preparing tissue for study, 
media used for in vitro incubation of tissue slices, etc., were as reported 
previously (3,4) with the following exceptions. Since, in measuring the 
response of tissue slices to succinate, it is important to remove as far as 
possible the remains of broken or crushed cells, tissues after sectioning were 
washed once or twice by suspension in a large volume of the appropriate 
medium, and centrifuged at 500 to 1000 r.p.m. in a Servall SS-1 angle- 
head centrifuge or, in many cases, removed by simply decanting the 
supernatant fluid. The sedimented tissue was then drained on filter paper 
before rapid weighing on a torsion balance. In the case of ascites cells, 
freshly extracted ascitic fluid (plus heparin) was spun for about 5 minutes 
at 500 to 1000 r._p.m. The sedimented pellet of tumor cells was drained 
on filter paper before weighing. Such cells had a dry weight of approxi- 
mately 16 percent, and this value was used in calculating all Krebs-2 
quotients. For metabolic determinations, weighed aliquots of the sedi- 
mented ascites cells were transferred to Warburg vessels, which had been 
previously filled with the appropriate medium. 

Ascitic fluid, or normal mouse serum, before being used as a suspension 
medium for tissue slices, or for runs involving the ascites cells, was spun 
for 5 minutes at 19,000 r.p.m. The ascitic serum or normal serum, so 
obtained, was usually adjusted with ca. 0.1 N HCl to pH 6.8 to 7.2. Addi- 
tional KHCO, or NaHCO, (0.0025 to 0.01 M) was added according to the 
anticipated rate of acid formation. The respiration of tissue slices was 
always measured with 100 percent oxygen in the gas phase, whereas 
Krebs-2 ascites cells were measured in air. CO, was absorbed with 4 N 
NaOH plus a filter-paper wick in the center well of the Warburg vessel. 
Qo, values represent the ul. of oxygen consumed per mg. dry weight per 
hour. While the initial pH in most cases was in the range 6.8 to 7.6, it 
sometimes became elevated during a run because of carbonate formation. 
However, control experiments at lower pH values demonstrated that this 
factor did not materially alter the results obtained. Comparisons of Qo, 
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obtained at constant CO, pressure (Summerson, differential manometry) 
with those observed in the presence of bicarbonate and NaOH showed no 
important differences. 

Polyvinylpyrrolidone (PVP) was obtained from the General Aniline 
and Film Corporation under the trade name “Plasdone C” (control no. 
3-GA-PVP-251-1). PVP solutions were adjusted to pH 6.8 to 7.2 with 
NaOH, and bicarbonate was added in the range 0.005 to 0.01 M as indicated 
by the anticipated rates of acid formation. The coenzyme I preparations 
were obtained from Nutritional Biochemicals Corporation, and had a rated 
purity of 95 percent. Sodium succinate, Merck (Na,C,H,O,-6H,O) was 
used in all experiments at 0.03 M concentration unless stated otherwise. 

The following abbreviations are used throughout this paper: KR for 
Krebs-Ringer solution, MS for heparinized normal mouse serum, MAS 
for centrifugally cleared, heparinized Krebs-2 ascites-tumor extract, and 
2,4-DNP for 2,4-dinitrophenol. Data of representative experiments are 
presented in the tables and text-figures. 


Experiments and Observations 


Steady-rate Qo,.—The metabolic quotients of Krebs-2 ascites cells were 
in the range reported by Warburg for the Ehrlich ascites cancer (2, p. 312). 
The steady-rate Qo, in KR with 0.2 percent glucose was in the range 5.0 to 
7.0, and 7.0 to 10.0 without glucose. In MAS the values were 15 to 30 
percent higher. Table 1 compares representative steady-rate Qo, values of 
Krebs-2 ascites cells and slices of S91 melanoma with those of several 
normal-growing tissues (chorion, embryo head), and nongrowing normal 
tissues (kidney, liver, brain). As in the case of Krebs-2 ascites tumor, the 
Qo, values of all tissues were generally higher in MAS than in KR. With 
the exception of embryonic head tissue, the steady-rate Qo, values in 
MAS of the tumors were lower than in normal tissues. As emphasized 
many years ago by Warburg (1), the importance of employing a medium- 
like serum in comparing Qo, values of normal and malignant tissues is 
obvious from table 1. 

Effect of succinate-—As reported by many investigators [reviewed by 
Greenstein (5)] the percentage response of the tumors (table 1) to suc- 
cinate was lower than in nongrowing normal tissues. However, in certain 
growing normal tissues (chorion, embryo head) the response to succinate 
was of the same order as that characteristic for tumors. These results 
make it clear that a low response to exogenous succinate is not a property 
limited to malignant cells, or necessarily to normal cells having a high 
basal Qo, (above 15.0). Thus embryonic head tissue, with Qo, values be- 
tween 8.1 and 9.7 in KR, showed succinate responses of only 21 to 26 
percent. 

The following factors tended to increase the percentage response of the 
Qo, to added succinate: (a) excessive mechanical injury due to section- 
ing, (6) failure to wash out the debris of broken cells after sectioning, and 
(c) use of a purely saline medium. 
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The following factors tended to diminish the percentage response of 
Qo, to added succinate (cf. tables 1, 2, and 3): (a) the addition of PVP 
or PVP plus sucrose to the KR or substitution of MAS, MS, or serum- 
containing medium (6), and (6) the addition of coenzyme I. 

The Qo, time curves for S91 melanoma slices at 30° C. in KR with 0.2 
percent glucose are shown in text-figure 1 (top). While the rate with 


TABLE 1.—Respiratory activities of normal and malignant mouse tissues at 38° C. with 
0.2 percent glucose plus or minus 0.08 M succinate * 

















Qo, at 38° C. Succinate 
Tissue and medium effect 
—cuccinate | +succinate (percent) 
Kidney 
{kre ETN ee ae ae: Zi. 2 26. 9 27 
cir Se aeae a ley ane Sieve anard nin aCo wee 16. 1 33. 3 107 
Liver 
{eer shea de isha vate Gigi esata wth ive, haha ee 12.0 19.7 64 
as card ic rin'ns igus de hq alavdsaceiata wean a F 27. 5 382 
Brain 
{Rh bs ition cant ta esse ena haired alco ccm aaa 14. 1 20. 1 43 
Ee eee eee eee 8.8 16. 8 91 
Unsectioned chorion (14-day embryos) 
RG ral gaea tke or aang Golan aoe aaelniG 21.3 21.9 3 
toga seed tc cans loa antec Seatac 13. 7 15.4 12 
Embryo head (12 days) | 
ty Se aa maha sie an dnti 10. 2 10. 8 6 
REESE SAI ae a ee 8.1 10. 2 26 
Embryo head (14 days) 
{ne Bs sod wadig-acew drerslesiaiate 3i.. 3 13. 9 25 
ak Scher ae aay drach lav a's ah acaba av aca 7 ee 21 
S91 melanoma 
{east a a ae cial 9.8 11.7 19 
So arco hacks Shon tay se. MYSCR Aas haa at 7.0 10.5 50 
{EArt Wan aah Sh iat as aly iets Spek or sia a 10. 0 10. 0 0 
5s Sid vara ebueeeawa re 8.4 12.1 44 
Krebs-2 ascites tumor 
I ar ree edt bot a are at 8. 6 9. 4 9 
ie lar de Wards ace aie rae eg te liner 7.5 8.9 19 
{Reet OR Re ra ee 8. 6 9.9 15 
ales he oft rpc rsd etaiee on maton oar 7.4 9. 6 30 











*Brackets designate data of individual experiments involving aliquots of the same tissue. 
tSectioned and washed in MAS before weighing. 
tWashed twice in KR before weighings. 


added coenzyme I was slightly higher than that of the control, a marked 
diminution in succinate rate resulted from the addition of coenzyme. 
Addition of 2,4-DNP rapidly removed the restraint of Qo, caused by 
coenzyme. The addition of 10 percent PVP together with 5 percent 
sucrose (text-fig. 1, bottom) lowered the Qo, with succinate to almost the 
same extent as did coenzyme. Addition of 2,4-DNP rapidly removed 
the respiratory restraint occasioned by the combined action of PVP- 
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TEXT-FIGURE 1.—Qo, time curves (30° C.) of slices of S91 melanoma washed in KR 
plus 10 percent PVP. Upper group of curves.—Run in KR (minus PVP) with 0.2 
percent glucose and 0.005 M KHCO;. A=control; A'=plus coenzyme I (0.6 mg./ 
ml.); B=plus succinate (0.03 M); B'=plus succinate and coenzyme I. 2,4-DNP 
was tipped into A! and BI, as indicated, to give a final concentration of 38 gamma 
per ml. Lower group of curves—Same as upper group, but all vessels contained 10 
percent PVP and 5 percent sucrose. 
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sucrose and coenzyme. Similar results were obtained in a number of 
experiments. 

When tissue is very thinly sectioned, an increased rate with succinate 
may be obtained, but at the expense of the activity of other respiratory 
systems [cf. Rosenthal (7, p. 1716)]. This is well illustrated in the present 
study by results secured with normal mouse liver where separate and com- 
bined effects of excessive sectioning and of using an all-saline medium were 
noted (table 2). In KR, in the absence of added succinate, the Qo, of 
the finely cut liver tissue was lower than that of the same liver less finely 
sectioned. Decay in rate was most marked in the finely cut tissue (at 
the end of 74 minutes 27% vs. 8% decay). On the other hand, in the 
presence of 0.03 M succinate, the Qo, of the finely cut tissue was initially 
30 percent higher than in the less finely cut tissue, but again the highest 
rate of decay occurred in the finely cut tissues (46% vs. 73% decay). 
The behavior of aliquots of the same 2 lots of tissue in MAS was in 
marked contrast to the behavior in KR. In MAS the basal rates without 
added succinate were initially higher than in KR (57% and 45% higher for 
large and small pieces, respectively). On the other hand, just the reverse 
occurred in the presence of added succinate, i.e., the Qo, values in MAS 
were approximately 45 percent lower than in KR. However, as in KR, 
the decrease in rate was most rapid in the finely cut tissue. The results 
of this, and other similar experiments, show clearly that when the over-all 
integrity of the cellular metabolism is lowered by excessive sectioning of 
the tissue, and/or the use of an inorganic medium such as KR, the Qo, 
with exogenously supplied succinate is increased. While the effect of 
the endogenous metabolism in restraining succinate oxidation has long 
been recognized in attempts to maximize succinoxidase activity [ef. 
Rosenthal (7)] it has not always been taken into account in comparing 
the integrated oxidative metabolism of normal and malignant tissues. 
While reducing the thickness of the tissue section facilitates diffusion, it 
TaRLE 2.—Respiratory activities of normal mouse liver sections (large vs. small pieces) 


at 38° C. in 2 different media with 0.2 percent glucose plus or minus 0.08 M succinate 
and with 100 percent oxygen in the gas phase 

















Qo, in KR Qo, MAS 
Time 
at 38° C. — Succinate +Succinate — Succinate +Succinate 
(minutes) 
Large* Small* | Large Small | Large Small | Large Small 
pieces pieces | pieces pieces | pieces pieces | pieces pieces 
ee 6.1 5.6 | 21.2 27.5 | 9.6 81] 11.9 14. 7 
(% Succinate effect 6-24) (247%) (891%) (24%) (81%) 
24-39....| 5.6 4.5 | 16.4 17.8 | 7.2 6.0 | 10.8 7 2 
44-54....) 5.4 4.3) 14.1 14.0 | 7.1 5.4 | 10.6 10. 0 
54-74....| 5.6 4.1) 114 10.0 | 6.7 5.1 9. 6 9.1 














*The small pieces (mostly 0.5 to 1.0 mm. in cross section) were on the average about ¥% of the size of the large 
Pieces, ie¢., with approximately 20 X the surface area. The tissue was washed once in ca. 20 volumes of MAS 
after sectioning. KR with 0.005 M NaHCOs had a pH of ca. 7.3, and MAS was adjusted to pH 6.8 with HCl. 
After 74 minutes’ incubation with tissuc, the pH values in KR were (minus and plus succinate, respectively) 
large pieces 8.0 and 8.2, small pieces 8.2 and 8.5. In MAS final pH values were 8.0-8.1 in all vessels. 
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introduces the important complications which result from a derangement 
of the endogenous metabolism. 

The data show that under in vitro conditions, which tend to maintain 
morphologic and physiologic integrity (e.g., in MS or MAS), the succinate 
responses of nongrowing normal, growing normal, and malignant tissues are 
all much more nearly alike than when comparisons are made under less 
physiologic conditions. A careful distinction should be made in this con- 
nection between the comparative rates of oxygen consumption involving 
the operation of the whole Krebs cycle, and the rates occurring with a 


TABLE 3.—Respiratory activities of normal and malignant mouse tissues at 30° C. in 
various media with 0.2 percent glucose unless otherwise indicated* 























Qo, at 30° C. Succinate 
Tissue and medium effect 
—Succinate | +Succinate (percent) 
(0.03 M) 
Liver 
ei a ea Rata a eich nt buiguad hcaeee RIR 2.1 12.0 471 
OE a rr re 3. 6 10.8 200 
EE IIR osiing ob c05s 0 eee ornewes 5. 0 12. 6 152 
Ps wis es aaeeereeig sb aang d barre anata mane 3.3 6.0 81 
Kidney 
a aie lena wns wa knee wa 8. 6 14.1 64 
Pe NN ONONINE Bo ince once ernwece an 9. 4 12.3 30 
DP INU So bis ci dice cece sss eceaawas 11.9 16. 0 34 
lcs te aie iat ibis dee a Guo eesmjesnblnnate 3.1 15. 0 35 
S91 melanoma 
UE ee ee eee ee 3. 2 9. 2 188 
eS) are re 3. 9 8.8 126 
ee kg rr rare 3.3 6. 1 85 
ee Seer 3. 8 5. 6 47 
KR plus 5% PVP plus coenzymel..... 4. 6 5. 7 24 
KR plus 10% PVP plus coenzyme I..... 3. 9 5. 9 51 
PT IR ooo. hoo ko sicwseseee oeies 4.2 7.5 78 
Earle’s plus coenzyme lI............... 4.5 6.5 44 
MASt (tissue separated without section- 
oa nike e rat Svea sere can ns 5. 2 5. 7 | 10 
Krebs-2 ascites tumor 
ser as 5 chee wise ec ene eid Mata adie aa 3. 6 3. 6 | 0 
_ | _, ae es ape eee eeea cr rts 4.6 4.6 0 





*Brackets designate data of individual experiments involving the same tissue. 
t No added glucose. 
$0.1% glucose. 


virtually unrestrained succinic oxidase system, as with exogenous succinate 
and very thin slices or homogenates. In the latter cases, certain normal 
adult tissues may show exceedingly high rates of oxygen consumption, 
e.g., Qo2=100 in liver (7). 

The foregoing observations indicate that a large in vitro response to suc- 
cinate can be due in large measure to tissue alteration resulting from condi- 
tions incident to tissue preparation and subsequent incubation. Such effects 
are most marked in a tissue like liver (tables 1,2, and 3). The data show 
that under conditions which tend to maintain cellular integrity (e.g., in 
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MAS) the steady-rate Qo, without added succinate tends to be relatively 
higher, and the Qo, with added succinate relatively lower, than in plain 
KR. The fact that addition of PVP to KR tends to act in the same 
direction as the addition of coenzyme I (text-fig. 1 and table 3) might 
indicate that maintenance of nuclear integrity is involved, since Hogeboom 
and Schneider (8) have shown that coenzyme I synthesis is localized in 
the nuclei, and PVP-sucrose solutions tend to stabilize the nuclei (9). 

Effect of 2,4-dinitrophenol_—With tissues which have a considerable 
hexokinase activity it is possible to obtain marked increases in the rates 
of both respiration and aerobic acid formation in the presence of glucose 
by addition of proper concentrations of the “‘uncoupling”’ (10, p. 67) agent 
2,4-DNP. For example at 30° C. kidney slices in MS had a Qo, of 11.1 
without added succinate and 15.0 with added succinate (ca. 0.03 M). 
Following addition of 38 p.p.m. 2,4-DNP the Q,, values became 17.0 and 
17.6, respectively. Similar results were obtained with brain, embryo 
head, S91 melanoma, and Krebs-2 ascites tumor. In some, but not all, 
cases Qo, values with 2,4-DNP were higher in the presence of added 
succinate, or other Krebs-cycle acid, than in their absence. With excessive 
concentrations of 2,4-DNP (76 p.p.m., more or less, depending on the 
medium and tissue) the respiration of the cells was lowered because of 
injury. MS or MAS gave marked protection against the “uncoupling” 
action of 2,4-DNP; generally, in the serums about double the concentration 
was required to be as effective as that in KR or KR plus PVP. Used in 
this way, 2,4-DNP permits evaluation of the degree of respiratory res- 
traint operating in a tissue by indicating the extent to which this can be 
reversed. While this restraint may result from a lack of available phos- 
phate acceptors, the action of DNP is such that a rapid turnover of 
phosphate takes place, so that oxidation via the Krebs cycle is greatly 
accelerated (10). 

Table 4 compares the steady-rate Q,2. values of S91 melanoma and 
brain slices from the same animals, in KR plus 10 percent PVP at 38° C., 
with the maximum Qo, values attained after adding 2,4-DNP. The 
highest values reached were very similar in the 2 tissues, 7.e., 17.1 in 
melanoma and 18.3 in brain. The increases due to 2,4-DNP were slightly 
TABLE 4.—Respiratory activities of S91 melanoma and brain slices from the same 


animals in KR plus 10 percent PVP at 38° C. with 0.2 percent glucose plus or minus 
0.03 M succinate, before and after addition of 2,4-DNP 








891 melanoma Brain 
Measurement Qo, Qo, 
—succinate +succinate —succinate +succinate 
Qo, before 2,4-DNP......... 7.0 12.0 10. 0 14. 2 
Max. Qo, after 2,4-DNP*.... 13. 9 17.1 15. 7 18.3 
AQo,+3,4-DNP............. 6.9 5.1 5. 7 4.1 
pH changet 
Minus 2,4-DNP.......... —1. 03 —0. 97 —0. 85 —1. 05 
py PE ere —1.17 —1. 23 —1. 33 —1. 23 











*Thirty-nine gamma per ml. after tipping. 
tFinal pH without tissue = 8.85. 
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greater in the S91 melanoma than in brain. Table 5 makes a similar 
comparison between Krebs-2 ascites cells and brain tissue from the same 
animals together with 13-day-old embryo head. The increases due to 
2,4-DNP were considerably larger in the tumor and embryonic tissue than 
in the normal adult tissue. The highest maximum Q, values were in the 
ascites cells. The greatest resistance to “uncoupling” was also shown by 
the ascites cells. These data are in harmony with the view that in 
Krebs-2 ascites tumor the respiration is strongly restrained and relatively 
stable under in vitro conditions. A number of experiments gave similar 
results. 

That the high rates of respiration in “uncoupled” Krebs-2 cells did not 
involve merely the succinic oxidase system is shown by table 6. The max- 
imum Qo, with glucose as the only added substrate was nearly the same 
as with succinate plus glucose (20.2 vs. 22.5). Furthermore, succinate, 
malate, pyruvate, and citrate were metabolized, as evidenced by the fact 
that when the Qo, with glucose alone had fallen to 1.0 the rates with the 
other substrates also present were in the range 8.6 to 14.2. This result 
was not due to exhaustion of glucose, but rather resulted from a protecting 


TABLE 6.—Effect of 2,4-DNP (39 gamma/ml.) on Qo, of Krebs-2 ascites-tumor cells 
in KR plus 5 percent PVP at 38° C. 





Max. Q 46 min. 
Sub * Q bef ax Qo, 02 
strates* added 02 erore 








r with after tipping | Final pH 
2,4-DNP | 94-DNP | 2,4-DNP 
en 5. 8 20. 2 1.0 5. 28 
OO ee ree 6.1 22. 5 14. 2 6. 25 
I ic. Gace bsicas aged aceon acer 6. 1 24. 9 8. 6 5. 78 
PID = «hae icerieedenees 5.9 20. 2 9.4 5. 60 
MING als siotuian cowpea ord 5. 6 22. 1 12.3 - 6.12 














*Initial glucose concentration of 0.2 % in all vessels, all other substrates 0.03 M (equivalent to anhydrous 
acids). 


pH effect occasioned by release of alkali during metabolism of the neutral 
sodium salts of the respective acids (table 6). 

Effect of oxygen deficiency.—Slices of normal adult mouse brain were in- 
cubated in KR at 38° C. with either 100 percent oxygen or nitrogen in the 
gas phase. Following this preincubation the vessels were removed from 
the bath, NaOH was added to the center wells, and the system re-gassed 
with 100 percent oxygen. Table 7 shows the effects of preincubation for 
30 minutes in the presence of 0.2 percent glucose. Under these conditions 
glycolysis occurred both in oxygen and nitrogen, although the rate in the 
latter fell off with time. After adding NaOH it was immediately apparent 
that the respiration of the tissue preincubated in nitrogen had been dam- 
aged. The succinic oxidase system, while damaged, was injured less than 
the total respiration (lowered 24 and 43%, respectively). This of course 
gave a large increase in the succinate effect. The marked lowering of pH 
by the tissue preincubated in nitrogen showed that little or no damage had 
occurred to the glycolytic system. However, whereas 2,4-DNP increased 
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TaBLE 7.—Effect on metabolism of preincubating washed slices of normal adult brain in 
KR with 0.2 percent glucose in 100 percent oxygen or nitrogen at 38° C. for 30 minutes 
(NaOH added to center wells and re-gassed with O; following preincubation) 








Tissue preincubated Tissue preincubated 
0’ in O,; 30’ in N2 
Measurement Qo, Qo, Succinate} Qo, Qo, | Succinate 
—suc- | +suc- | effect | —suc- | +suc- | _ effect 


cinate | cinate | (percent) | cinate | cinate | (percent) 











Before adding 2,4-DNP.. 7. § 14.1 88 4.3 10. 8 151 
After adding 2,4-DNP*..} 11.7 16. 8 43 3.0 9. 6 220 
BQdercsccscveccerccecs 42 2.7 — —1.3 —1.2 — 
pH change (pH without 

tissue=8.71)......... —2.21 | —1.97 — —2.62 | —2.07 — 

















*Final 2,4-DNP concentration was 37 gamma per ml. 


the Qo, of tissue preincubated in oxygen, it did not do so in the tissue 
preincubated in nitrogen. 

Table 8 illustrates more drastic injury obtained in an experiment similar 
to the one shown in table 7 with the difference that preincubation was 
carried out for 60 minutes in the absence of glucose. Again, a markedly 
differential response of the basic respiration (absence of added succinate) 
and the succinic oxidase system was obtained. Here, however, the gly- 
colytic system was markedly damaged. Again no significant stimulation 
of respiration occurred following addition of 2,4-DNP. These experi- 
ments show, as would be expected (1,2), that exposure of normal adult 
tissue to lack of oxygen results in a lowering of respiratory capacity 
(tables 7 and 8), but in marked contrast to the low respiration of tumors 
(tables 4, 5, and 6), this is not reversed by 2,4-DNP. Another point of 
difference is to be found in the large succinate effect in tissue damaged 
by exposure to anaerobic conditions, whereas in tumors, or certain grow- 
ing normal tissues, the response to succinate is minimal. 

TaBLE 8.—Effect on metabolism of preincubating unwashed slices of normal adult brain 


in KR without glucose in 100 percent oxygen or nitrogen at 38° C. for 60 minutes (NaOH 
was added to center wells and vessels re-gassed with O- following preincubation) 











Tissue preincubated | Tissue preincubated 
60’ in O, 60’ in N, 
Measurement Qo, Qo, |Succinate} Qo, Qo, | Succinate 
—suc- | +suc- effect —suc- | +suc- effect 
cinate | cinate | (percent) | cinate | cinate | (percent) 
Before adding glucose or 
POE 4.2 — —_ 1,2 _ _ 
After adding glucose* + 
IIE 6. < inn'nca aes’ 3. 9 13. 8 254 0. 23 10. 1 3391 
After adding 2,4-DNPf.. 7. 2 15. 0 108 0. 53 7.4 1296 
4 Qo, + 2,4-DNP....... 3.3 1.2 — 0.30 | —2.7 —_ 
pH change (final pH 
without tissue=9.18)..| —1.48 | —1. 43 —_— —0. 46 | —0. 45 _ 























*Final glucose concentration was 0.2% and succinate 0.04 M. 
tFinal 2,4-DNP concentration was 54 gamma per ml. 
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Discussion 


Greenstein (5) has noted that there is a certain overlapping of the 
values for succinate response of normal and malignant tissues. As the 
result of his own researches and those of others( 5, p. 270) he came to the 
significant conclusion that “ . . . the equilibrium position of cytochrome c 
in normal tissues lies further to the oxidized side than it does in malignant 
tissues.” From this, Greenstein drew the implication that the O/R poten- 
tial of malignant tumors lies nearer to the reducing or anaerobic end of 
the scale than it does in normal tissues—a view consistent with the large 
glycolytic capacity of tumors. In the present investigation observations 
of both malignant and nonmalignant tissues indicate that a large in vitro 
increase in the succinate effect can result from tissue modification during 
preparatory and incubation procedures. It seems possible that the dif- 
fering in vitro respiratory stabilities of nongrowing normal and malignant 
tissues in this respect may be related to the differences in O/R balance 
elucidated by Greenstein et al. (5). In this connection it should be 
noted that certain growing nonmalignant tissues (chorion, embryo head), 
like tumors, show little response to exogenous succinate. Such normal 
tissues possess a powerful glycolytic system, which, as in growing tumors, 
might be involved in their behavior towards succinate. 

The steady-rate Qo, values of Krebs-2 ascites cells are certainly low 
(5.0-10.0) in relation to their high anaerobic glycolytic capacities 
(Q8},=50-100). In such a tumor the relatively low Qo, values could be 
expected on the basis of an irreversibly damaged respiration. However, 
there are several lines of evidence which indicate that the relatively low 
Qo, of the Krebs-2 ascites tumor is not due to an actual loss of respiratory 
potential of the type which results from a partial destruction of respiratory 
capacity, e.g., by exposure to a lack of oxygen. 

Chance (1/1) has shown by direct spectrophotometric determinations 
that intact ascites-tumor cells contain amounts of cytochrome c, other 
respiratory pigments, and dehydrogenase activities that are in the range 
of normal tissues. In the present investigation release of respiratory 
restraint by 2,4-DNP resulted in Qo, values in both Krebs-2 and S91 
tumors that were well in the range of nonmalignant tissues compared 
under the same conditions. That such increases were not due merely to 
succinoxidase activity was evidenced by high Qo, values obtained with 
glucose alone, or glucose plus organic acids other than succinate. While 
exposure of normal adult tissue to lack of oxygen resulted in a lowering of 
respiration, this was not reversed by 2,4-DNP. Clowes and Keltch (12) 
have recently reported that dinitrocresol increased oxygen consumption 
by Ehrlich ascites cells, and it has long been known [ef. Burk (13)] that 
dinitrophenols can increase the respiration of both tumor and normal 
cells. Furthermore, exposure of normal tissue to lack of oxygen (tables 7 
and 8) resulted in a relative increase in the succinoxidase excess over 
the intermediary metabolism—a situation just the reverse of that found 
in tumors. It is important to note in this connection that undamaged 
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(with respect to exposure to anaerobic conditions) normal-growing tissues 
behaved toward exogenous succinate like tumors. 

It has recently been shown experimentally that the glycolysis of certain 
tumors is under variable restraint by a stress-modifiable anti-insulin 
hormonal mechanism (3,4). In a tumor like the S91 melanoma, glucose 
utilization is quite strongly under the control of this anti-insulin system. 
In the derived amelanotic S91A tumor, representing a further degree of 
anaplasia, sensitivity to anti-insulin regulation of glucose metabolism is 
markedly weakened, and in the Krebs-2 ascites (or solid) tumor almost all 
sensitivity to hormonal restraint is gone. The capacity of the host to 
affect the tumor glycolysis (as measured subsequently in vitro) is paralleled 
by the host’s ability to restrain growth of the tumor in vivo under stressful 
conditions (3,4,14). 

If the development of malignant cells depends (in part) on a loss of 
sensitivity to the anti-insulin hormones which regulate glucose phos- 
phorylation, it would be expected on the basis of the work of Crabtree 
(15), Rosenthal et al. (16), and others that the Qo, of such cells would be 
lowered as the loss of sensitivity to the glycolysis-restraining hormones 
became greater. However, it is clear that the actual functioning of 
glycolysis per se, cannot be the only cause of a restrained respiration in 
the S91 melanoma or in the Krebs-2 ascites tumor, since elimination of 
glucose from the incubation medium increases the respiration by only 
15 to 30 percent. The shifting of the intracellular O/R potential toward 
the reducing or anaerobic side, as suggested by Greenstein (5), may well 
play a major role in lowering the respiratory rate of the malignant cell. 
In any case, however, cells in which the anti-insulin hormonal restraint 
of glucose phosphorylation is lowered should be adapted to survival in an 
anaerobic environment, where the factors of natural selection would 
operate as outlined by Warburg (2) to further increase the glycolytic 
capacity. Any of the respiration-inhibiting agents mentioned by Warburg 
(2) could similarly promote selection in the direction of an increasingly 
greater glycolytic metabolism. 

Consideration of the possible role of mutant, or virus-modified, mito- 
chondria (17,18) in the determination of the shifted metabolic balance 
characteristic of the cancer cell is emphasized by the findings of duBuy 
et al. (19) and Hesselbach and duBuy (20) that mitochondria play a role 
in glycolysis that is more important than has been generally recognized. 


Summary 


When comparisons were made in mouse ascitic serum, or in normal 
mouse serum, the steady-rate Qo, values of Krebs-2 ascites cells and S91 


melanoma slices were lower than in slices of kidney, liver, brain, or chorion. 
Qo, values of 12- to 14-day-old embryonic head tissues were only slightly 


higher than those of S91 melanoma. Qo, values of all tissues in Krebs- 


Ringer solution were generally lower (ca. 15 to 50%) than in mouse ascitic 
serum or normal serum, especially in the case of liver. 


Vol. 17, No. 5, November 1956 











628 Woops 


The percentage response to succinate in Krebs-Ringer was, in order of 
increasing magnitude, Krebs-2 ascites, embryo head, S91 melanoma, 
brain (or kidney), and liver. In ascitic serum the Qo, values without 


added succinate were relatively higher, and the values with succinate 
tended to be relatively lower, than in Krebs-Ringer solution, so that the 
percentage succinate effect was markedly reduced. 

The addition of coenzyme I to Krebs-Ringer solution markedly lowered 
the response to succinate but slightly increased the Qo, without added 


succinate. The addition of 5 to 10 percent polyvinylpyrrolidone (PVP), 
or PVP plus sucrose, gave results similar to those produced by addition of 
coenzyme. The data indicate that large increases in the succinate effect 
can result from tissue modification resulting from preparatory and incuba- 
tion procedures. Such an artefact is most pronounced in an unstable 
(under in vitro conditions) tissue like liver and minimal in the relatively 
stable Krebs-2 ascites cells. 

Exposure of both malignant and nonmalignant tissues to the “un- 
coupling” agent 2,4-dinitrophenol resulted in respiratory stimulation of 
such a character that the tumor Qo, values rose to well within the range 


of nonmalignant tissues compared under the same conditions. When 
slices of normal brain were exposed to anaerobic conditions, the respira- 
tion measured subsequently in oxygen was markedly decreased. In 
contrast to tumors, the oxygen consumption of such cells could be greatly 
increased by exogenous succinate, but not by the addition of 2,4-DNP. 
The data are more consistent with a concept of respiratory restraint in 
cancer than with a concept of an irreversibly damaged respiration. 
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Combined Treatment of Advanced 
Leukemia (L1210) in Mice with Ame- 
thopterin and 6-Mercaptopurine »? 
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NaTHAN MANTEL, and ABRAHAM GOLDIN, Laboratory 
of Chemical Pharmacology, and Biometry and Epi- 
demiology Branch, National Cancer Institute,’ Bethesda, 
Maryland 


The employment of combinations of drugs for treatment of malig- 
nant disease has been given considerable attention in recent years (1-25). 
In general, demonstrations of synergism have resulted from studies on 
the effect of combined treatment on tumor growth alone. However, 
the therapeutic usefulness of an additive or synergistic effect of combined 
treatment against tumor growth may be limited by the increased toxicity 
of the combination of drugs for the host. This was illustrated in an 
earlier investigation (9), where it was observed that treatment of leukemia 
L1i210 in mice with certain combinations of amethopterin and 6-mer- 
captopurine (6-MP) did not provide synergistic therapies. Whatever 
synergism there may have been with respect to anti-tumor effect was 
negated by the enhanced toxicity of combined treatment. Treatment 
with amethopterin alone proved a better therapy than 6-MP alone or 
any of the combined treatments. 

In the prior investigation (9) only a single treatment with the drugs 
was employed, and further, this treatment was administered early in 
the course of the disease. The possibility remained that with some 
other treatment schedule the 2 drugs could still provide a synergistic 
therapy. 

In the treatment of leukemia in mice, attention has been focused on 
the employment of multiple-treatment schedules. Previous studies have 
indicated that for both amethopterin and 6-MP administered individually, 
such schedules are more effective than single treatment in extending the 
survival time of leukemic mice (26,27). Also, there has been consider- 
able interest in studies involving the treatment of leukemia late in the 
course of the disease. Such studies became practical with the demon- 
stration that daily treatment with either amethopterin (28) or 6-MP (29) 
gave significant increases in the survival time of mice bearing advanced 
leukemia. In view of the relatively successful treatment of early leuke- 
mia by appropriate alterations of schedules of drug administration (30,31), 


1 Received for publication June 29, 1956. 

2? Presented in part at the 47th annual meeting of the American Association for Cancer Research, Atlantic City, 
New Jersey, April 13-15, 1956. 

* National Institutes of Health, Public Health Service, U. S. Department of Health, Education, and Welfare. 
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it was felt that such modifications might also increase the effectiveness 
of treatments against advanced leukemia. 

The current experiment was conducted to investigate the influence 
on advanced leukemia of 2 types of multiple-treatment schedules em- 
ploying amethopterin and 6-MP, alone and in combination. 


Methods 


General.—The general procedures employed have been previously de- 
scribed (28). Ten-week-old CDBA hybrid‘ male mice were inoculated 
in the right thigh with 0.1 ml. of a uniform saline suspension (17 X 10° 
cells per mJ.) of leukemic cells (L1210) taken from DBA/2J mice. In 
order to test the potency of the inoculum, the leukemic mash was 
serially diluted and inoculated into CDBA male mice. It was thus dem- 
onstrated that the experimental and control animals received a concen- 
tration of tumor cells which was 100 times the concentration that 
resulted in 100 percent lethality in untreated mice. 

Amethopterin ® was dissolved in 2 percent sodium bicarbonate and 
6-MP ° was dissolved in dilute sodium hydroxide. The solution of 6-MP 
was brought to pH 8 to 9 with dilute hydrochloric acid. The drugs were 
administered intraperitoneally in a constant volume of 0.01 ml. per gm. 
of body weight. The mice were randomized into prescribed injection 
groups of 8 mice each. 

Experimental—Two schedules of combined therapy were employed. 
For one schedule both amethopterin and 6-MP were administered daily. 
For the second combined schedule 6-MP was given daily and amethopterin 
was administered every 3rd day. When administered on the same day, 
the drugs were injected concomitantly. In addition, corresponding sched- 
ules with each drug administered alone were employed. For each schedule 
of therapy a series of dose levels was employed. Because of the sharp 
increase in amethopterin toxicity on repeated administration, relatively 
small amounts of amethopterin were administered in the combined 
schedules. When amethopterin was administered daily with 6-MP the 
relative dosage was 1 part amethopterin to 36 parts 6-MP. When ame- 
thopterin was administered every 3rd day, with 6-MP daily, the reduced 
toxicity of amethopterin permitted an increase in the relative dose of 
amethopterin to 6-MP. The ratio employed was approximately 1 part 
amethopterin to 7.7 parts 6-MP (or about 1 to 23 in terms of average 
daily dose). In the previous experiment, where multiple-treatment sched- 
ules were not employed, the minimum ratio of amethopterin to 6-MP had 
been 1 to 7.5 (9). 

In order to insure that the drugs would challenge a frankly systemic 
leukemia, treatment was initiated on the 8th day following leukemic 


‘(BALB/cAn X DBA/2J)F:. 


5 Amethopterin was kindly provided by Dr. J. M. Ruegsegger, of the Lederle Laboratories Division of the 
American Cyanamid Company, Pearl River, N. Y. 


*6-Mercaptopurine was kindly provided by Dr. George Hitchings, of the Wellcome Research Laboratories, 
Tuckahoe, N. Y. 


Journal of the National Cancer Institute 

















hess 


nce 
em- 


de- 
ted 
10° 

In 
Was 
m- 
en- 
hat 


ind 
MP 
ere 
‘m. 
ion 


ed. 
ly. 
rin 
ay, 
ad- 
ule 
rp 








COMBINED TREATMENT OF ADVANCED LEUKEMIA 633 


inoculation, at which time all the mice displayed large, palpable local 
tumors at the site of leukemic inoculation. Treatment was continued 
until all the animals succumbed. 

On the initial day of treatment, 10 leukemic mice were selected at 
random and the capacity of the blood and of the spleen to transmit the 
disease to other CDBA mice was tested. In every case the transfer of 
blood and of spleen mash resulted in leukemic growth and eventual death. 

Evaluation procedure——In the previous investigation, in which single 
treatment early in the course of the disease was employed, a temporal sep- 
aration of toxic and tumor deaths resulted, and it was possible to compare 
alternative therapies in terms of their antileukemic specificities (9). In the 
current investigation, involving multiple-treatment schedules, no clear 
temporal separation could be made. Consequently, the earlier method of 
comparing alternative therapies was not feasible. Instead, the various 
therapies were compared by the employment of an assay procedure appli- 
cable to the study of the treatment of advanced tumor. This assay pro- 
cedure has been previously discussed in detail (28). For each therapy a 
series of dose levels is employed and the optimal dose for the therapy is 
considered to be that dose at which the maximum survival time is ob- 
served. Alternative therapies are then compared on the basis of their 
respective maximum survival times. . 


Results 


The results of this experiment are summarized in text-figure 1, which 
shows the median survival time at each dose level for each of the treat- 
ment schedules. It may be noted that for each treatment employed there 
is an optimal dose level which elicits the greatest prolongation of survival 
time. At lower doses, the treatments were less effective and the mice 
succumbed with large local tumors. At higher doses, the mice lost weight 
soon after treatment was initiated and succumbed from drug toxicity with 
small or no local tumors. 

The left panel of text-figure 1 represents the results obtained, employing 
daily doses of both amethopterin and 6-MP. At its most effective level, 
treatment with amethopterin alone raised the median survival time from 
12 (+ 0.4) days, for untreated mice, to 30.5 (42.0) days. In contrast, 
treatment with 6-MP alone elicited a maximum median survival time of 
only 18.5 (40.8) days, while combined treatment yielded a maximum 
median survival time of 24 (+0.9) days.’ All these extensions of sur- 
vival time are noteworthy, especially when it is considered that treatment 
was initiated only 4 days prior to the median time of death of untreated 
mice. However, the relative advantage of treatment with amethopterin 
alone at a suitably selected dose level is apparent. This result is in 


* 


1 The standard errors were estimated from the range, according to the method of Mantel ($2). The survival time 
of the mice treated with amethopterin alone at 0.67 mg. per kg. is significantly greater than the survival time at 
the optimal combined treatment. It is noteworthy that while only 1 of 8 mice receiving 0.67 mg. per kg. amethop- 
terin alone died prior to day 28, all the mice on the optimal combined treatment were dead before day 25, and all 
the mice at the optimal dose of 6-MP alone were dead before day 22. The standard errors shown do not reflect 
this but rather give undue weight to the occasional animal dying extremely early or late. 
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agreement with the earlier findings (9) where amethopterin and 6-MP 
were administered alone and in combination as single treatments early in 
the course of the disease. Amethopterin alone was the most effective 
treatment. 

The right panel of text-figure 1 shows the results obtained by administer- 
ing amethopterin every 3rd day and 6-MP daily. Amethopterin alone 
yielded a maximum median survival time of 19.5 (42.0) days, which was 
just slightly in excess of the 18.5 days for daily 6-MP alone. With com- 
bined treatment the maximum median survival time was raised to 25 
(+1.4) days; in addition, 3 other levels of combined treatment yielded 
a greater median survival time than the maximum of 19.5 days obtained 
with amethopterin alone. In this case, it is clear that combined treatment 
is superior to treatment with either drug alone. 


Discussion 


For a given schedule of treatment, a synergistic therapy for 2 drugs 
may be said to exist when combined treatment at the optimal level pro- 
vides a more effective therapy than can be obtained with either drug 
alone. Where, as in the present case, the usefulness of a treatment is 
limited by its toxicity for the host, therapeutic synergism requires that 
the anti-tumor effects of the separate drugs combine to a greater extent 
than do their toxic effects. 

In the present investigation the demonstration of synergism between 
amethopterin and 6-MP was dependent on the schedule of treatment em- 
ployed. When each drug was administered daily there were several dose 
levels at which the combined treatment was superior to treatment with 
the corresponding dose levels of the individual drugs (text-fig. 1, /eft panel). 
However, when comparisons were made at the optimal dose level, com- 
bined treatment proved inferior to treatment with amethopterin alone. 
On this schedule, the increased anti-tumor effect of combined treatment 
was negated by the increased toxic effect for the host. In contrast, when 
amethopterin was administered every 3rd day and 6-MP daily (text- 
fig. 1, right panel), combined treatment was superior to either drug sepa- 
rately—both at the individual dose levels and at the optimal dose level. 
In this case, the increased anti-tumor effect for the combination was 
retained. 

Comparison of the 2 panels of text-figure 1 shows that the decrease in the 
frequency of amethopterin treatment had little influence on the effect of 
combined therapy but sharply reduced the effectiveness of amethopterin 
when employed alone. The latter observation is in agreement with the 


* The term “synergism” is used here in its broad sense as meaning the cooperation or effective combination of 
agents. This definition permits the user to specify the nature of the cooperation with which he is concerned. In 
particular, we have been concerned with the combined action of agents which results in improved therapies. 
This form of cooperation we are calling therapeutic synergism. Investigators have applied the term “synergism” 
to other forms of cooperation in which they have been interested without appropriately qualifying the term. 
Frequently these other forms of synergism have no implication with respect to improved therapy; sometimes they 
may result only in more economical rather than in improved therapies. To the extent that reported findings of 
Synergism are frequently considered for therapeutic application, the authors feel that the nature of cooperation 
found and the evidence for resulting improvement in therapy should be made clear. 
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previous report (28) that when treatment is initiated late in the course of 
the disease daily treatment is superior to less frequent treatment. It is 
likely that the beneficial effect of combined treatment (amethopterin 
every 3rd day; 6-MP daily), as compared to treatment with amethopterin 
alone every 3rd day, results from the shorter time interval between 
antileukemic treatments. 

It should be noted that, despite the demonstration of synergism em- 
ploying daily treatment with 6-MP combined with amethopterin every 3 
days, this combined treatment still was less effective than amethopterin 
alone administered daily. Thus, the most advantageous therapy observed 
in this experiment was still one requiring treatment with only a single 
drug. The synergism found is specific for its treatment schedule and does 
not necessarily apply to other schedules. This suggests that, in general, 
demonstrations of synergism had best be interpreted with caution. 
Synergism between drugs may not be sustained if there is any important 
modification in the method of application. Conversely, failure to find 
synergism may result from the methods of application used. Of signi- 
ficance, also, is the possibility that a demonstrated synergism may fail to be 
therapeutically useful when, on some other schedule of treatment, em- 
ployment of a single drug is more beneficial. 

Studies involving the host-tumor-drug relationship have shown that 
anti-tumor specificity of action is not a fixed property of the drug alone 
but may be influenced by a number of factors including: the stage in the 
course of tumor growth when treatment is initiated; the number and spac- 
ing of treatments; the use of metabolites with antimetabolites; the age 
and weight of the test animals; and the concentration of the implanted 
tumor inoculum (7,26,30,31,33-36). The results of the present experiment 
indicate that the relative effectiveness of combined treatment, also, is not 
fixed but is dependent on factors which tend to alter the host-tumor-drug 
relationship. 


Summary 


The present experiment represents an evaluation of the effectiveness of 
2 combined-treatment schedules employing amethopterin and 6-mercap- 
topurine against advanced leukemia (L1210) in mice. When both drugs 
were administered daily, the most effective level of the combined treat- 
ment was inferior to the most effective level of amethopterin alone in in- 
creasing the survival time of the mice. When amethopterin was given 
every 3rd day and 6-mercaptopurine was given daily, the combined treat- 
ment was more effective at several dose levels than the most effective level 
of either drug alone. This combined treatment, however, was less effective 
than optimal treatment with amethopterin alone administered daily. 

The data indicate that the demonstration of synergistic action between 
2 drugs is dependent on the schedule of treatment employed. Further, it 
is suggested that a demonstrated synergism for a particular schedule of 
treatment may have little significance when, on some other schedule, 
treatment with a single drug is superior. 
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Subcutaneous Fibrosarcomasin Strains 
C3H and C57BL Female Mice, and F, 
and Backcross Hybrids of these Strains ' 


THetma B. Dunn, Water E. Heston, and 
Marcaret K. Derincer, National Cancer Institute,? 
Bethesda, Maryland 


Numerous reports have been published concerning subcutaneous 
sarcomas induced in mice by a variety of agents (1), but very few reports 
can be found describing sarcomas in the subcutaneous tissues of untreated 
mice. Guérin (2) in 1954 published a review of spontaneous tumors in 
mice. He listed preceding reports of sarcomas and stated that it was 
very rare to see in mice a pure fusiform sarcoma composed of young 
fibroblasts having a fascicular pattern. He found only 4 among 6,000 
mice autopsied from his colony. Cloudman (3) in 1941 stated that 
sarcomas were among the more common malignant tumors in the sub- 
cutaneous regions, but there was no high-tumor stock, and it was unusual 
to find an incidence of over 15 percent. He gave illustrations of the more 
common histologic forms and noted that many of the tumors showed 
polyhedral cells. Slye, Holmes, and Wells (4) in 1917 gave the most 
complete account of a large number of subcutaneous sarcomas. They 
reviewed preceding descriptions of 17 tumors and reported 87 of their 
own which were found among 12,000 mice autopsied from the Slye 
colonies. 

A large number of subcutaneous tumors was found by us in a recently 
completed study of strain C3H with the mammary tumor agent, C3Hf 
lacking the agent, C57BL female mice, and F, and backcross hybrids 
of these strains. This was an extensive study that was begun in 1946 
and extended over the succeeding 8 years. It included a total of 4,049 
mice that were allowed to live their normal life span, and were killed only 
when they appeared to be in poor health or had palpable tumors. The 
tumors were not allowed to attain a large size, and usually measured 1 to 
1.5 cm. in diameter. All the mice were autopsied and all grossly observed 
lesions were taken for histologic study. All the mice were females, since 
the primary purpose was to study the control of the gene or genes over the 
mammary tumor agent in the development of mammary-gland tumors (6). 

One hundred and forty-six subcutaneous tumors, excluding mammary- 
gland tumors, were found. This number is sufficiently large to furnish 
significant information as to the incidence of subcutaneous neoplasms 

1 Received for publication July 13, 1956. 

* National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 
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in these 2 strains and their hybrids, the age at which the mice developed 
the neoplasms, the location, coexistence with other neoplasms, and 
histologic features. The primary purpose of this report is to present 
an analysis of the tumors with respect to these points. In addition, 
however, information on the occurrence of these tumors in the large 
number of C3H and C3Hf females is of value in properly judging the 
significance of reports on the induction of subcutaneous fibrosarcomas 
in C3Hf mice treated when newborn with a variety of cell-free filtrates 
(6,7). Such incidence data may also be of value in considering the 
significance of the malignant change which developed in fibroblasts 
grown in vitro. These were first obtained from the subcutaneous tissues 
of strain C3H mice, and then grown in tissue culture with and without ex- 
posure to methylcholanthrene for varying periods of time. On injection 
into strain C3H mice, many of the cultures produced fibrosarcomas at 
the site of inoculation (8,9). 


Observations 


Number.—A total of 788 subcutaneous neoplasms was found in the 4,049 
mice of the present series. Of these, 642 were mammary tumors, 23 
were hemangioendotheliomas, 8 were osteogenic sarcomas, 1 was a myo- 
epithelioma, and 3 were reticulum-cell neoplasms, Type A. The his- 
tology of the last 3 types of tumors has been described (10-12). No 
pleomorphic tumors of the parotid gland were found. Five sarcomas 
were thought to have originated from the mammary gland. The present 
report will deal with 106 tumors composed of fusiform cells within the 
subcutaneous tissues, and presumably of fibroblastic origin. These 
formed a large majority of all subcutaneous growths. Descriptions of 
other neoplasms and unusual lesions found in these mice are planned for 
future publications. 

Six sarcomas of a similar histologic type but not in subcutaneous tissues 
were located as follows: pancreatic area, mediastinum, attached to the 
peritoneal surface of the abdominal wall, base of the brain, mesenteric lymph 
node, and neck of the bladder. A few sarcomas of similar histology were 
also found in the uterus, and these will be described separately with other 
tumors of this organ. 

Relation to genotype of mouse-—The 106 subcutaneous sarcomas are 
listed in table 1 according to the genetic group in which they occurred. 
All were found in C3H, C3Hf, or hybrid females that contained at least 50 
percent C3H chromatin, 7.e., the F, and C3H backcross hybrids. None 
occurred in the 2 groups of C57BL females or in the C57BL backcross 
females. Thus, the C3H genotype is relatively susceptible to this type 
of neoplasm, whereas the C57BL genotype is resistant. In 1938, Andervont 
reported the induction of subcutaneous sarcomas in these and other 
strains with methylcholanthrene and dibenzanthracene (13). It is 
interesting that, although the numbers that could be compared directly 
were small in his groups of C57BL and C3H mice, the percentage of C3H 
mice developing sarcomas was higher than that of the C57BL mice. 
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Ded TABLE 1.—Incidence of subcutaneous sarcomas in various genetic groups* 
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H tFN—These and subsequent FN groups were strain C3Hf females (of the line without the mammary tumor 
agent) foster-nursed on the females of the preceding group to test them for the presence or absence of the agent. 
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Age at tumor development.—The spontaneous sarcomas occurred in mice 
of very advanced age (table 1). In 1 group a sarcoma appeared at 17 
months (the only sarcoma in that group) but in all other groups in which 
these tumors occurred the average age was over 20 months, and in a 
few it was over 30 months. 

It is evident that one of the reasons so many spontaneous sarcomas were 
found in the animals of this study was because many mice lived to 
advanced age. However, this does not account for the fact that none 
occurred in C57BL or C57BL backcross mice, for many of these animals 
also lived to comparable ages. 

Coexistence with other neoplasms.—Forty-three fibrosarcomas, or 40.5 
percent, were found in mice which had other neoplasms, but in only 3 
cases were fibrosarcomas found at more than 1 site in the same mouse. 
The most frequent coexistent tumors were hepatomas, ovarian tumors, 
lung tumors, and reticular neoplasms. All these tumors are commonly 
found in old strain C3H mice without the mammary tumor agent, and the 
association with fibrosarcomas was not beyond the expected frequency. 
It is notable that only 1 mouse with a fibrosarcoma also had a mammary 
tumor. Early death from mammary tumors probably prevented the 
development of fibrosarcomas at a more advanced age in susceptible 
strain C3H mice with the agent. 

Location.—Thirty-nine tumors were located in mammary-gland areas, 
but did not appear to be derived from the gland. Since mammary-gland 
tissue extends over such a large area in the subcutaneous tissues of female 
mice, it was to be expected that a large proportion of the tumors would 
be found in mammary-gland areas. Twenty tumors were described as 
infiltrating the body wall, and often the ribs also. Eleven tumors were 
found in the thigh. Unusual locations were the base of the ear, the margin 
of the anus, and the tail. However, the sites ‘were so scattered that no 
one seemed to have a greater predilection for sarcoma than another. 

Histology—The 106 subcutaneous sarcomas were composed in large 
part or entirely of spindle cells arranged in interlacing bundles. Sections 
from the tumors were routinely stained with hematoxylin and eosin. 
A number of these sections representative of particular histologic features 
were later stained with toluidine blue, van Gieson, the Wilder method for 
reticulum, and the periodic acid-Schiff method. No phosphotungstic acid- 
hematoxylin or fat stains were done, since all the tissues had been fixed 
in Fekete’s modification of Tellyesnizcky’s fluid (70% ethyl alcohol, 20 
parts; formalin, 2 parts; glacial acetic acid, 1 part). 

Seventy-six of the tumors were composed of long, slender fusiform cells, 
of a fairly uniform size, separated by varying amounts of intercellular 
material. The cells and fibers were arranged in interlacing bundles 
(figs. 1, 2, and 3). Areas in the sarcomas usually assumed 1 of 2 micro- 
scopic patterns, such as Stout (14) described for tumors in man. The 
cells and fibers formed bundles that curved gently (fig. 1) or the bundles 
of cells and fibers bent sharply at right angles when they met, so that the 
cells and fibers were parallel for only a short distance in a single plane of 
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sectioning (fig. 2). Reticulum stains distinguished these patterns sharply, 
for each of the tumor cells was outlined with reticulum fibers. The 
tumors seldom showed the same structure in all areas, and a variety of 
patterns was usually found in a single section. The amount of intercellular 
substance varied, as did the shape and size of the cells. A focus composed 
of larger and more oval cells might compress adjacent tumor tissue (fig. 3), 
suggesting a difference in growth rate in different areas of the tumor. 
Such structural variations in different areas in a single tumor were dis- 
played clearly in the tumor removed from the pancreatic region (figs. 4 
and 5). One area of this tumor was composed of large oval or round cells 
showing great variation in size. This was sharply separated from an area 
composed of infrequent small, oval cells with an abundance of intercellular 
collagenous material (fig. 4). Another area in the same tumor was com- 
posed of elongated cells with deeply stained nuclei, separated by bundles 
of dense collagenous tissue (fig. 5). 

Some margins of the tumors were sharply outlined by a connective- 
tissue capsule which probably resulted from compression of adjacent 
tissues (fig. 6). Other margins, often in the same section, showed diffuse 
infiltration of muscle or fat by sarcoma. Frequently, a collagenous or 
edematous tissue containing very few cells was found adjacent to a 
characteristic cellular fibrosarcoma, separating it from the non-neoplastic 
tissue (fig. 7). Toluidine blue showed no metachromasia of surrounding 
tissue and no increase in the number of mast cells at the tumor margin. 
Scattered mast cells often appeared within the tumor, usually near the 
edges, and were probably pre-existing in the normal tissue. No close 
association between the mast cells and tumor cells, such as has been 
reported in fibrosarcomas of rats, was found (18). 

Most of the tumors showed a few much larger cells among the uniform 
spindle-cell population (fig. 2). In 9 tumors, however, large, broad, 
straplike cells predominated in many areas (figs. 8 and 9) and suggested 
origin from muscle tissue. However, no cross striations could be found, 
and since fibroblasts are capable of assuming this morphologic form, it 
was concluded that these tumors probably were fibrosarcomas. Another 
difficulty in deciding whether some tumors originated from muscle cells 
was the infiltration of the normal muscle by the sarcomas. The tumor 
tissue could often be seen extending through the panniculus carno- 
sus. All the muscle fibers disappeared in the central area, while, at 
the margins, the muscle bundles became widely separated by the in- 
filtrating tumor tissue. The perimysium was a frequent route for 
extension (fig. 10), and often muscle fibers with multinucleate cells 
persisted in the midst of sarcoma cells (fig. 11). 

Lymph nodes were included in several sections of the sarcomas. The 
neoplastic tissue, however, was not seen to infiltrate diffusely the lymphoid 
tissue as it did muscle, and often the node was completely surrounded but 
not invaded (fig. 12). 

As already described, a number of tumors showed, at their margins, 
tissue composed of relatively few cells and an abundant intercellular 
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matrix. Mitotic figures were infrequent in this tissue. Twenty-one 
tumors were composed almost entirely of this type of tissue, with only 
a few islands of a more cellular structure (figs. 10, 12, 13, and 14). These 
lesions sometimes resembled an inflammatory fibrosis, but the absence 
of leukocytes or abscess formation made this diagnosis improbable. 
Moreover, the infiltrative capacity of the tissue and the accompanying 
destruction and replacement of normal cells left no doubt that these 
were progressive, destructive neoplasms. With the periodic acid-Schiff 
method, the poorly cellular areas showed great variation in the amount 
of Schiff-positive substance, and ranged from practically no coloration 
to an intense pink. Likewise, staining by the van Gieson method varied. 
In some tumors (fig. 13) the tissue was intensely stained for collagen, 
which appeared to be abundantly produced by the neoplastic cells. 
Reticulum fibers were generally few in the sparsely cellular areas. It was 
noted at autopsy that tumors of this histologic structure were often firm 
and difficult to cut. In those mice in which the ribs and intercostal 
muscles were extensively infiltrated, the marrow tissue of the ribs was 
often largely replaced by tumor (fig. 14). 


Discussion 


Enough information was given in the report by Slye, Holmes, and Wells 
on subcutaneous sarcomas in the noninbred Slye mice to warrant a com- 
parison with the present observations on similar tumors in inbred strains 
of mice and their F,; and backcross hybrids. The incidence of fibrosar- 
comas in the mice of the present study was 106 in 4,049, or 2.6 percent, 
considerably above the 0.7 percent of spindle-cell sarcomas reported in the 
noninbred group. In the C3H, C3Hf, and C3H backcross groups com- 
bined the incidence was 3.1 percent. However, all the inbred, hybrid, 
and backcross mice of the present study were females, and the majority 
were of advanced age. No information on age was given in the early 
report of Slye, Holmes, and Wells, and both sexes were included. They 
found the tumors were twice as frequent in females as in males. About 
half the tumors in the Slye mice were located in the mammary-gland 
area, and about half of these were thought to arise from mammary-gland 
tissue. In some instances the relation to the ducts was so close as to 
resemble a ‘‘pericanalicular fibrosarcoma.”’ Only 5 tumors among the 
inbred, F;, and backcross hybrid mice of the present study appeared to 
be derived from the mammary-gland tissue. Osseous and periosteal 
tissues were the sites of origin in 11 mice in the Slye report and in 8 
in the present series. Other differences were 21 sarcomas in internal 
organs against 6 in the present report and only 3 in the abdominal and 
chest wall compared to 20 at similar locations in the present series. Mul- 
tiple sarcomas were found in 5 mice of the Slye stock and in 3 mice in our 
series. Tumors other than sarcomas coexisted in 23 percent of the 
noninbred Slye mice, and in 40.5 percent of our mice. Pulmonary 
tumors were the most frequent of the coexistent tumors in the Slye mice 
and mammary-gland carcinomas were also found in 4 mice which had 
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sarcomas. Only 1 mouse in our series had both a mammary tumor and 
a sarcoma. Metastases were found in 13 percent of the spindle-cell 
sarcomas in the Slye mice and in none of the present series. One reason 
for this difference may be that mice of the present series were usually 
killed soon after the tumors became palpable. 

Regarding the histology of the tumors in the Slye, Holmes, and Wells 
report, it was stated that “spindle cell sarcomas’”’ were the most abundant, 
constituting over half of the tumors, but all possible histologic types were 
illustrated—from the fibrosarcomatous or “desmoid” * growths to very 
large-celled sarcomas with uninuclear and multinuclear giant cells. It 
was considered unnecessary to describe the characteristics of the spindle- 
cell sarcomas in detail, for they corresponded in structure “absolutely 
with the sarcomas occurring in man and given the same designations.”’ 
In the present series, likewise, the majority of the tumors closely re- 
sembled fibrosarcomas found in man. The early report, however, did 
not describe any tumors with few cells and the abundant intercellular 
substance such as appeared in our series. It may be that our practice 
of killing the mice as soon as the tumors became palpable is the reason 
that the less cellular tumors were found so frequently. If the tumors 
has been allowed to reach a larger size, the more cellular areas might 
have overgrown and replaced the less cellular tissue, assuming that the 
more cellular tissue had a more vigorous growth rate. 

Slye, Holmes, and Wells seriously considered that trauma might have 
caused some of the tumors in their mice, and noted that in 11 cases the 
tumors arose at the site of trauma. No association with trauma was 
noted in the present series. 

If the spontaneous subcutaneous sarcomas are compared with tumors 
induced by the injection of carcinogens, many similarities are found. 
However, most of the spontaneous tumors suggest a fibroblastic origin, 
whereas many induced tumors are thought to originate in smooth or 
striated muscle. As Stewart (1) pointed out, on subcutaneous injection 
of a carcinogen a variety of different types of cells may be directly ex- 
posed to the carcinogen, and the classification of the resulting tumors 
becomes extremely difficult. Saxén (16) noted that C3H mice exposed 
at 2 or 3 weeks of age to methylcholanthrene developed many sarcomas 
of muscle-cell origin, while those exposed at 3 months or a year developed 
fibrosarcomas. Descriptions of induced neoplasms have not included 
tumors with much collagenous intercellular substance and relatively 
few cells. The carcinogen-induced tumors were probably more rapid 
in their development and anaplastic cells more frequent. 

Many of the tumors resembled those developed by Earle in tissue 
culture. None of the spontaneous tumors, however, showed the extreme 
alieration of Earle’s strain O, which had the longest exposure to methyl- 
cholanthrene, but they frequently resembled the control strains with no 
exposure, and strain H with the shortest exposure (17). 

Histologically, the tumors showed the variations in different areas 





* The photograph of a “desmoid” growth closely resembles our figure 1. 
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often observed in human fibrosarcomas. The tumors, therefore, were 
probably not composed of a uniform cell population, all with the same 
growth potential. In this respect they differed from most transplanted 
sarcomas of the mouse in which a selection for the more vigorously grow- 
ing cells probably occurs. Tumors composed largely of a poorly cellular 
tissue with abundant collagen production, though often resembling 
granulation tissue or areas of fibrosis, displayed remarkable infiltrative 
capacity, and were as truly neoplastic as the more highly cellular tumors 
with many mitoses. The neoplastic cell in these tumors probably repre- 
sented an aberrant functional response in the fibroblast, which led to 
an overproduction of collagen. The general statement that a neoplastic 
tissue is hypofunctional and undifferentiated has many exceptions. 
Overactivity of a particular function is not uncommon in certain tumors 
in mice, for example, hyperkeratosis in squamous-cell carcinomas of 
the forestomach, the secretory activity in some cells of mammary tumors, 
excessive production of glycogen by some hepatoma cells, and the phag- 
ocytic activity in some reticulum-cell sarcomas. 

A tissue with few cells and much fibrous tissue at the margin of many 
of the fibrosarcomas may represent a remnant of less malignant tissue, 
most of which had been overgrown and obscured by foci having greater 
proliferative capacity. The few tumors that were composed entirely of 
less cellular tissue may correspond to so-called benign fibromas in man. 
The growth rate of these sarcomas in the mouse is not known and no 
attempt was made to transplant them. 

The histologic pattern of the tumors was generally similar to that 
of the sarcomas developing in C3H mice and their hybrids, which received 
injections of various filtrates when newborn. In the mice injected when 
newborn, however, the sarcomas appeared in a younger age group, they 
were often multiple and associated with parotid-gland tumors (7). 


Summary 


One hundred and six sarcomas, probably derived from fibroblasts of the 
subcutaneous tissue, were found in a study of 4,049 untreated female 
mice of strain C3H with the mammary tumor agent, strain C3Hf with- 
out the agent, strain C57BL, and their F; and backcross hybrids. The 
sarcomas occurred in the C3H, C3Hf, F;, and C3H and C3Hf backcross 
mice, with none occurring in the C57BL or C57BL backcross females. 

Histologically, the majority of the tumors resembled fibrosarcomas 
induced in mice with carcinogens and the fibrosarcomas developing in 
man. One type is described in which cells were few in number and 
fibrous tissue was abundant. It has not been described in mice exposed to 
carcinogens, and is not included among malignant fibrosarcomas in man. 
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PLATE 49 
All sections in photographs stained with hematoxylin and eosin 


Fiacure 1.—A frequent pattern of fusiform cells in a fascicular arrangement, with 
interlacing bands of cells extending for a considerable distance in one plane. Long 
axes of the cells are parallel. Each of the cells is invested by delicate reticulum 
and collagen fibers. Many mitotic figures. x 250 


Fieure 2.—Another frequent pattern. Bands of cells extend only short distances 
in one plane. Cells generally of uniform size, but one much larger cell in lower 
left. X 250 


Ficure 3.—Line of separation between 2 areas in a sarcoma. Tissue on left 
composed of smaller cells with much intercellular material and a fascicular arrange- 
ment. Nodule on right is composed of large oval cells with abundant cytoplasm and 
little intercellular substance. It compresses tissue on left, producing a band of 
flattened, crowded cells immediately adjacent to it. X 250 
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PLATE 50 
Ficures 4+ and 5.—Variation in morphology in different 


areas of a sarcoma found in 
the region of the pancreas. 4 


Tissue at fop contains cells of different size, some 
with very large nuclei and abundant eytoplasm. Tissue at bottom is composed of 
relatively few cells, with abundant intercellular material. $60 5) Cells from 
another area are elongated and the nuclei appear shrunken. Abundant collagen 
formation between cells. >< 460 


Ficure 6.—Margin of a sarcoma. 
capsule, 
250 


Adjacent fibrous tissue is compressed, forming a 


Cross sections of nerve fibers and a mammary duct are shown above. 


Fieure 7.—A cellular fibrosarcoma on right adjoining an area containing few cells 
and abundant, loose fibrous tissue. 


Non-neoplastic connective tissue appeared 
farther to the left. 350 
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PLATE 51 


“1GURE 8.—Area in a sarcoma with many long, straplike cells with very large nuclei. 


No cross striations could be seen. < 250 


Figure 9.—Sarcoma containing many giant cell forms. Cells in this tumor were 

generally oval and plump, and suggested muscle-tissue origin. Collagen was 
seanty. 250 

Ficure 10.—Infiltration of individual striated muscle fibers by fibrosarcoma. Fibers 
are widely separated by tumor cells, forming abundant collagenous matrix. 250 

Fictre 11.—A muscle fiber with multiple nuclei surrounded by infiltrating fibrosar- 

coma. Multiplication of muscle-cell nuclei is frequent in 


skeletal-muscele cells 
entrapped in the midst of infiltrating sarcomas. 250 
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PLATE 52 
Figure 12 —Relatively acellular collagenous fibrosarcoma that has infiltrated the 
muscle diffusely but has stopped sharply at the margin or capsule of a cystic lymph 


node. The sarcomatous tissue was heavily stained by the van Gieson method. 33 


Fictre 13.—Small cellular tumor mass on right surrounded by relatively acellular 


collagenous tissue in which mammary ducts are embedded. 60 


Picture 14.—-Cross section of a rib and adjacent intercostal muscle. Neoplastic 
tissue containing few cells but much collagen has infiltrated between the muscle 


bundles and replaced part of the marrow 60 
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Effect of in Vitro X Irradiation on 
Pigmented and Pale Slices of Cloudman 
S91 Mouse Melanoma as Measured by 
Subsequent Proliferation in Vivo"'*** 


JeweL Pirummer Coss,’ Department of Anatomy, 
University of Illinois, College of Medicine, Chicago, 
Illinois, and Cancer Research Foundation, Harlem 
Hospital, New York, New York 


Human malignant melanomas are generally considered to be resistant 
to radium and X-ray therapy (1,2). The Cloudman S91 malignant 
mouse melanoma showed no inhibition of growth following injection of 
the radiomimetic chemical bis(6-chloroethyl)-sulfide (mustard gas), 
whereas certain mouse lymphomas were damaged (3). The Harding- 
Passey mouse melanoma was resistant to 2 other such agents, namely, 
2,4,6-tris(ethylenimino)-s-triazine (TEM) and methoxypyridoxyl-bis(é- 
chloroethyl)-amine, while various other test tumors were sensitive to the 
drugs (4). However, the related compound triethylene thiophosphor- 
amide had a marked inhibitory effect on this tumor (6). This melanoma 
was found to be extremely resistant to rays emitted from embedded radon 
seeds (6). 

Since human experimentation was not practicable, we have attempted 
to elucidate the phenomenon of melanoma resistance to radiation in 
animals, using the Cloudman S91 melanoma. A detailed presentation 
of the methods and results of our approach follows, but, briefly, our 
procedure was to expose, in vitro, tissue slices of pigmented and pale 
areas of the same tumor to varying doses of X rays and then to implant 
them immediately in untreated strain DBA mice, the strain of tumor 
origin. 

Materials and Methods 


The Cloudman S91 melanoma originated in a DBA/Jax female mouse 
and was first described in 1937 by Dr. Cloudman (7), of the Roscoe B. 
Jackson Memorial Laboratory. It has been carried in the laboratory of 
origin and at the National Cancer Institute. Experiments described in 
this paper were performed with melanomas derived from the S91-DBA-II 


1 Recelved for publication August 3, 1956. 

2 Presented in part at the meeting of the American Association for Cancer Research at San Francisco, April, 
1955, 
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Institute of the National Institutes of Health, U. 8. Public Health Service, and by a grant from the Damon Run- 
yon Memorial Fund for Cancer Research. 


§ Present address: Department of Surgery, New York University Post-Graduate Medical School, New York, 
N.Y. 
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line, sent to us through the kindness of Dr. Glenn Algire. The biology 
and histopathology of the pigmented and nonpigmented tumors, carried 
in strain DBA and strain C mice, respectively, have been described by 
Algire (8) and Loustalot, Algire, Legallais, and Anderson (9). 

The tumor was received in our laboratory in the 67th transfer genera- 
tion and has been perpetuated by subcutaneous transplantation in male 
and female pen-bred DBA mice from the colony of Dr. Arthur Kirsch- 
baum. The host mice used for routine transfers and experiments weighed 
between 25 and 30 gm. 

Experiments cited here were designed to determine the effect of X rays 
on pigmented and pale slices from the same melanoma specimen. The 
effects were evaluated from the following information: 

(1) Length of time before palpable tumor was found. 

(2) Percentage of animals with growing tumor implants. 

(3) Rate of tumor growth. 

(4) Life span of the hosts. 

(5) Histologic differences. 

(6) Percentage of cells with melanin in pigmented and pale slices 
prior to irradiation and implantation. 

(7) Mitotic-index values in the same tissues as (6) for cells containing 
melanin. 

For items 1 through 5, data were applied to the in vivo experiments—for 
pigmented and pale control and irradiated tumor implants in host mice. 
Criteria 6 and 7 were applied to a series of pigmented and pale tissue 
slices prior to implantation. 

There were 4 groups of melanoma tissue slices prepared in each experi- 
ment, as follows: group 1, pigmented tumor slices, untreated (controls); 
group 2, pale tumor slices, untreated (controls) ; group 3, pigmented tumor 
slices, irradiated; group 4, pale tumor slices, irradiated. 

Four experiments were undertaken. In the first 3, the growth in host 
mice of both pigmented and pale melanoma implants was observed after 
in vitro irradiation with 2500, 2800, and 3000 r, respectively. In the 4th 
experiment, only pigmented melanoma implants were used, and the 
radiation dose was 3500 r.® 

Then, cytologic analyses of untreated pigmented and pale tumor slices 
similar to those used for irradiation and transplantation experiments were 
performed. 

Tissue slices were prepared aseptically and weighed (approximately 
10 mg. wet weight). They were then irradiated in covered petri dishes in 
1 time span. Tissues were exposed for varying lengths of time, depending 
on the total amount of radiation desired.’ Immediately after irradiation, 
treated and control tissue slices were implanted by subcutaneous injection 
with a 13-gauge trocar to the right axillary region of male and female mice. 


* Maximow double-coverslip cultures were set up, using standard tissue-culture techniques. The substrate 
consisted of a plasma-embryo extract clot. The supernatant feeding solution was a mixture of human cord serum, 
chick-embryo extract, and Tyrode’s balanced salt solution. 

’ Physical factors were as follows: 64 KVP, 5 Ma., 0.25 mm. Cu and 1.00 mm. Al added filter, 12. 5 cm. tissue- 
target distance, 96 r per minute (after calculating 5% loss through petri-dish top). 


Journal of the National Cancer Institute 

















SY 
ied 


ra- 
ale 
ch- 


1ed 


LYS 
‘he 


ces 
ing 
for 
sue 
Ti- 
8); 
10r 
ost 


ter 


th 


eS 
ore 


rate 


sue- 


ute 











in vitro X IRRADIATION OF MOUSE MELANOMAS 659 


Mice were placed in 1 of the 4 groups according to the type of injected 
implant received. There were usually 12 mice in each group. 

Diameters of growing implants were measured weekly by means of 
vernier calipers. Animals bearing growing tumor were generally allowed 
to die but occasionally a mouse was sacrificed. Tumors were fixed in 
10 percent neutral formalin and paraffin sections 6 thick were then stained 
with hematoxylin and eosin. For the cytologic analyses untreated tissue 
slices were fixed immediately following excision and prepared by the same 
histologic procedures. 

Slides for the cytologic analyses were examined through the microscope 
to determine the number of tumor cells containing melanin (endogenous 
and exogenous melanin) and macrophages (exogenous melanin). One 
thousand cells were counted in each tissue slice. The identical sections 
used for melanin counts were also examined for the proportion of dividing 
cells to resting cells (mitotic index) using Goldfeder’s (10) modification of 
Chalkley’s quantitative procedure (11). This procedure involved the use 
of a specially designed reticule with 5 pointers inserted in the eyepiece. 
Chalkley demonstrated that stabilizing ratios of various tissue components 
could be obtained from 500 “hits,” or counts, of intact cells. Goldfeder 
extended the number of hits to 700. 

Counts of melanized cells, together with mitotic-population counts on 
identical cells, served to clarify differences between pigmented and pale 
tumor tissue used for the irradiation and implantation experiments. 


Results 
Experiments 1, 2, 3, and 4 


The experimental data, summarized in table 1, show the results of 
in vitro irradiation of melanoma tissue on subsequent transplantability 
(“take”) and growth in host mice. The percentage of successful takes of 
control and irradiated tissue following implantation in host mice varied 
in relation to the irradiation dose and to the use of pigmented or pale 
areas (table 1). An increase in X-ray dose was accompanied by a decrease 
in the number of successful takes in host mice. Nonirradiated (control) 
pigmented implants in experiments 1 through 4 grew in 91 to 100 percent 
of host mice. Control pale implants grew in 70 to 83 percent of host mice. 

Following irradiation at 2500, 2800, and 3000 r, tumors developed in 
83, 91, and 66 percent, respectively, of the hosts bearing pigmented im- 
plants, in contrast to 50, 16, and 0 percent in hosts bearing pale tumors. 

As table 1 also shows, the length of time before tumor could be observed 
was 3 weeks in hosts bearing untreated (control) pigmented or pale tumor. 
This period was increased by 3 weeks in experiment 1, in which implants 
were first irradiated with 2500 r. The time before palpable tumor of all 
growing implants, following exposure to 2800 r, was 1 week longer than 
that for controls. There was no increase in this period for surviving im- 
plants after irradiation with 3000 r. 

Having established the in vitro X-ray dose at which successful growth of 
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TABLE 1.—Results of implantation of control and irradiated pigmented and pale melanoma 
tissue in DBA mice 

















Time niapegen 
Experi- . on Dese Takes before of host 
oy Tissue type of mice (r) (percent) — ( tee 
(weeks) 
Pigmented 12 0 100 3 9-13 
1 Pale 12 0 83 3 10-13 
Pigmented 12 2500 83 6 14-17 
Pale 12 2500 50 6 14-17 
Pigmented 12 0 91 3 10-14 
2 Pale 12 0 79 3 10-14 
Pigmented 12 2800 91 4 11-15 
Pale 12 2800 16 + 11-15 
Pigmented 24 0 95 3 10-12 
3% Pale 24 0 70 3 10-14 
Pigmented 24 3000 66 3 12-16 
Pale 24 3000 0 _ _ 
4 Pigmented 8 0 100 3 11-15 
Pigmented 8 3500 0 _ _ 























*This experiment was repeated, using a new series of mice, with identical results. 


pale tissue was prevented in the hosts, the dose was then increased to 3500 
r in experiment 4. At this dose, none of the mice bearing irradiated pig- 
mented tissue developed tumors, while all receiving untreated (control) 
melanoma tissue developed tumors. 

Slices of pigmented control and irradiated tumor of experiment 4 were 
prepared for tissue culture. Both control and irradiated tissue produced 
cellular outgrowths in culture. Typical bipolar melanoma cells, melano- 
cytes, and macrophages were observed. The X-ray dose of 3500 r may be 
regarded as the attenuating dose [as defined by Goldfeder (12)] for pig- 
mented melanoma tissue.® 

Data recorded in table 2 and text-figure 1 indicate the mean values of 
tumor diameters in mice bearing control and irradiated implants. The 
tumor diameters of pale implants in all experiments were less than those 
of pigmented implants. Irradiated pigmented and pale implants which 
survived treatment grew steadily in host mice (table 2) and were con- 
sistently smaller than nonirradiated pigmented and pale implants. The 
increase in life span of mice bearing tumors previously irradiated at 2500 
and 3000 r appeared to be related to an initial slower rate of tumor growth. 

Control pigmented and pale implants that developed in host mice were 
histologically similar to the usual type of transplantable melanoma 
tumors, which have been described in detail by Loustalot, Algire, Legallais, 
and Anderson (9). They were solidly cellular with little stroma. Cells 
were polymorphous and areas varied in appearance from carcinoma-like 
to sarcoma-like. Individual melanoma cells had vesicular nuclei and 


§ The attenuating dose is the dose of irradiation which, when administered to tumor fragments in vitro, prevents 


their growth in vivo (after transplantation into the mice) but does not prevent their proliferation in vitro (tissue 
culture). 
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TEXT-FIGURE 1.—The effect of in vitro X irradiation of pigmented and pale melanoma 
implants on growth in host DBA mice following transplantation. This chart is a 
visual representation of table 2. 


cytoplasm often filled with diffuse yellow-brown melanin and occasional 
melanin clumps. Macrophages, often packed with engorged melanin, were 
dispersed among melanoma cells. 

All tumors growing from irradiated pigmented implants had central 
necrosis. Surrounding the necrotic core was an intermediate zone of 
pyknotic cells and plasma cells. The outer zone was composed of un- 
injured tumor cells identical with those in nonirradiated tumors. Cells 
in various stages of mitosis were observed. There were many more 
macrophages filled with melanin. Papillary proliferation of melanoma 
cells in the lumen of blood vessels was frequent. Often small patches of 
necrotic tissue were present in peripheral areas completely walled off by 
uninjured tumor cells. 

The tumors from irradiated pale implants in experiments 1, 2, and 3 were 
light tan to dark gray macroscopically. Microscopic observation showed 
a large central necrotic region in which islets of uninjured, nonpigmented 
tumor cells were found. There were many large, binucleate cells scattered 
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throughout healthy areas, which were similar to those described in 
irradiated tissue by other workers. 

Tumors grown from both pigmented and pale irradiated implants 
were prepared for frozen section and stained for DOPA (dihydroxypheny]l- 
alanine) oxidase, using Laidlaw’s modification of Bloch’s test as de- 
scribed by Glick (13). DOP4A-positive cells were present in both types 
of tissue, but there were fewer in the growing pale implants. 


Cytologic Analyses 


Differences in radiosensitivity of pigmented and pale tissue, as revealed 
in experiments 1 through 4, Jed to an analysis of an additional series of 
nonirradiated pigmented and pale tissue slices, similar to those used for 
irradiation and implantation. 

Preliminary counts of stained sections of melanized cells in pigmented 
and pale areas of a few melanoma specimens were reported briefly (14). 
It was found that in pigmented areas 1 out of 5 cells contained visible 
melanin and in pale areas 1 out of 66 cells had melanin. Counts included 
cells with finely dispersed endogenous melanin and cells with aggregated 
exogenous melanin. Mitotic-index values for the same areas showed that 
in pigmented areas 1 of every 216 cells was dividing and in pale tissue 1 
of every 361 cells. 

To secure a better statistical evaluation of the 2 tissue types, a more 
extensive series of counts of cells with melanin and of mitotic indices 
seemed warranted. The reasons for differences in the radiosensitivity 
of pigmented and pale tissue might then become apparent. The data on 
this series are given in table 3. As seen in samples from 8 tumor speci- 
mens, pigmented areas consistently had a greater number of melanized 
cells per volume of tissue than did pale areas. However, there was a lack 
of consistency in mitotic-index values for pigmented and pale tissues. 
As seen in table 3, in 50 percent of the specimens (1, 4, 6, and 8) the 
mitotic index was higher in pigmented areas. Such a percentage value 
lies within the possibility of pure chance. Therefore, the higher mitotic 
index could not be regarded as a consistent property of pigmented areas. 


Discussion 


A larger number of pigmented than pale melanoma areas remained 
viable following irradiation at 2500 and 2800 r. No pale slices survived 
irradiation at 3000 r, while 66 percent of pigmented slices survived. A 
dose of 3500 r in vitro was sufficient to prevent growth of implants of pig- 
mented tissue in vivo but did not alter its growth capacity in tissue culture. 

Pale melanoma slices were relatively radiosensitive, compared to pig- 
mented slices. Pigmented and pale areas were both sensitive to X rays 
in vitro when cell damage caused by in vitro irradiation at 3000 r is com- 
pared to that reported by Goldfeder (10) in the DBAH and C3HB trans- 
plantable mouse mammary tumors. 

When pigmented and pale tumor cells survived irradiation, viable cells 
continued to divide, forming new tissue with no morphologic alterations. 
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TaBLE 3.—Number of melanized cells and mitotic-index values in histologic sections of 
untreated pigmented and pale mouse melanoma slices 








Tumor a. if 2 Melanized Mitotic Mitoses 
speci- Tissue type prorat cells index (percent) 
— ized cells (percent) 
1 Pigmented 1:4 25. 0 1:14 7.0 
Pale 1:27 3. 7 1:22 4.5 
° Pigmented 1:. 04 61.0 1:48 2.0 
> Pale 1:25 4.0 1:40 2. 5 
3 Pigmented 1:6 17.0 1:55 1.8 
. Pale 1:16 6. 0 1:18 5. 5 
4 Pigmented 1:2 51.3 1:28 3. 5 
Pale 1:7 13. 9 1:63 1.5 
5 Pigmented 1:5 20. 0 1:25 4.0 
Pale 1:30 3.3 1:16 5. 5 
6 Pigmented 1:25 40. 0 1:33 3.0 
Pale 1:8 13. 0 1:37 2.7 
- Pigmented 1:2 50. 0 1:230 0. 4 
Pale 1:22 6.7 1:33 3.0 
8 Pigmented 1:2 50. 0 1:68 1.4 
Pale 1:4 25. 0 1:78 1.2 




















Melanocytes maintained their ability to produce melanin as indicated by 
the positive DOPA reaction and the presence of visible melanin in surviv- 
ing and growing implants. 

The difference in radiosensitivity of pigmented and pale tissue is ap- 
parently related to the amount of melanin per unit volume of tissue and not 
to the number of mitotic stages. The relationship between radioresist- 
ance and melanin content as revealed in these experiments might best be 
explained by reviewing the comments of Commoner, Townsend, and Pake 
(15). Metabolically active tissues (e.g., melanomas) possess a large num- 
ber of free radicals which are normally associated with protein moieties 
and which are important in the action of visible (and probably also ioniz- 
ing) radiation on biological systems. However, melanin-containing tissue 
has, in addition to free radicals, which are relatively instable, certain ex- 
traordinarily stable forms brought about by trapping and stabilization, 
within the polymer lattice, of unpaired electrons generated during reac- 
tions that lead to polymeric condensed ring structures (melanin). Such 
a stabilized system could account for the relative radioresistance of meta- 
bolically active pigmented melanoma tissue. 


Summary 


1) The in vitro irradiation of pigmented and pale slices of the Cloudman 
S91 mouse melanoma with 2500, 2800, or 3000 r revealed that a larger 
number of pigmented slices remained viable following treatment. Via- 
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bility was measured by the number of irradiated implants growing suc- 
cessfully in DBA mice, the strain of tumor origin. 

2) A dose of 3000 r was sufficient to prevent subsequent growth in vivo 
of pale melanoma tissue slices. A dose of 3500 r was sufficient to prevent 
subsequent growth in vivo of pigmented slices but did not prevent growth 
in tissue culture. This dose may be regarded as the attenuating dose for 
pigmented melanoma slices. 

3) Pigmented and pale melanoma slices which survived irradiation and 
grew in host mice did not lose their capacity to undergo mitosis and to form 
new melanin. These tumors were similar, histologically, to control 
tumors. 

4) Counts of cells containing melanin and mitotic-index values for a 
series of pigmented and pale areas of 8 tumor specimens were evaluated. 
In pigmented tissue there were consistently more melanized cells per 
volume of tissue than in pale tissue. Mitotic-index values, on the other 
hand, followed no consistent pattern in relation to pigmentation areas. 

5) The relatively greater radioresistance in vitro of pigmented, as 
compared to pale, tissue was accompanied by an increased number of 
melanized cells. An explanation for this phenomenon is discussed. 
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Recorded and _ Expected Mortality 
among the Chinese of Hawaii and the 
United States with Special Reference 
to Cancer ! 


Rosert Lincotn M. D. Smita, Biometry and 
Epidemiology Branch, National Cancer Institute,’ 
Bethesda, Maryland 


A number of investigators have published analyses of clinical and 
autopsy material which support the idea that Chinese are subject to 
risks of cancer of several sites that differ from those observed in the 
white race. Some of these papers have demonstrated relative excesses 
for cancer of the liver (1-3) and pharynx (4-7) and a relative deficit of 
cancer of the prostate (8-10). Thus, this study is intended to expand 
previous observations by comparing mortality recorded among Chinese 
residing in the United States and Hawaii with deaths expected among 
them if they were subject to the same age- and sex-specific death rates 
experienced by the white and nonwhite populations of the United States. 
It is less likely that the differences in mortality thus demonstrated are 
due to different medical death-certification practices than when similar 
comparisons are made between Chinese dying in Asia and Americans 
dying in the United States. 


Method of Study 


Special tabulations of deaths attributed to malignancy during 1949 
to 1952, inclusive, among Chinese residents in the United States and 
Hawaii were obtained from the National Office of Vital Statistics. These 
were compared to deaths expected among them during the same period 
if they had experienced the age-, sex-, and site-specific death rates of 
the United States whites or nonwhites for 1950 and 1951 (11). The 
ratio of observed deaths to expected deaths and the ratio of the Chinese 
average annual rate, adjusted for age by the indirect method, to the 
United States rate are the same. This ratio is referred to as the standard- 
ized mortality ratio (SMR). 

The degree of reliance that one can place on differences demonstrated 
by these methods is to some extent dependent on the forces of mortality 
which cancer replaces, or those causes of death which may replace cancer. 
For this reason, Chinese mortality for all causes of death and for conven- 
tional broad causes has been compared to that of whites and nonwhites. 


1 Received for publication August 3, 1956. 
3 National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 
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The SMR’s that were computed, however, refer only to the Chinese of 
the United States because recorded deaths, other than for cancer, were 
not readily available for Chinese in Hawaii. 


General Results 


In table 1 are tabulated the observed deaths for all causes and for 
broad causes occurring in the Chinese of the United States during 1949 
to 1952. Also shown in this table and in text-figure 1 are the deaths 
expected to occur among them during the same period had they had 
the same mortality as the white or nonwhite populations of the United 
States recorded in 1950 and 1951. In addition, the resultant SMR’s are 
presented. It is readily observed that the Chinese males of the United 
States have 30 percent higher total mortality than white males and that 
the majority of the broad causes contribute significantly to this excess. 
The remainder, including diseases of the circulatory system, do not dif- 
fer significantly from the white race. When compared to total mortality 
recorded for nonwhite males, the adjusted Chinese male rate is lower. 
Mortality for a few of the broad causes among Chinese males is signifi- 
cantly higher than that of the nonwhite males, while mortality assigned 
to most of the broad causes is significantly lower. The adjusted Chinese 
female mortality is also significantly lower than that of the nonwhite 
females for all causes and for most of the broad causes of death. Chinese 
female mortality for only 1 broad cause is higher than that of non- 
white females, namely, deaths due to congenital malformations. Less 
difference is observed between the adjusted Chinese female mortality 
and that of white females than in any of the other 3 comparisons. A 
significant observation is the fact that mortality assigned to senility 
and ill-defined causes is comparable to that recorded for white males and 
females and much less than that of nonwhites of either sex. 


Mortality Attributed to Cancer 


As of January 1, 1951, the median point of time for which mortality 
data were available, it is estimated that there were 32,647 Chinese residing 
in Hawaii and 120,113 residing in the Continental United States. Mortality 
rates, or ratios, computed for such relatively small population groups will 
be fairly unstable when comparisons are made by individual cancer sites, 
especially for the Chinese of Hawaii. It would therefore be desirable to 
combine the 2 groups if their mortality experience were sufficiently 
similar to warrant it. 

Analyses directed toward this end showed that mortality for practi- 
cally every cancer site was slightly lower, but not significantly lower, with 
the possible exception of liver, for male Chinese of Hawaii compared to 
those of the United States. Cancer of the liver and biliary passages, pri- 
mary and not stated as primary or secondary, was only 38 percent as high 
among the Chinese males of Hawaii, but the difference was of borderline 
significance (P =0.04) due to the small number of deaths involved. The 


Journal of the National Cancer Institute 








> 
oO 
© 


CANCER IN THE CHINESE 


*g WEI} JOMOJ GIB SYIGEP PePs0IEI P' 


uv peyoedxe 470q J} peynduroo you YW St 






































-790°0 03 G10'O=a 48 OT MOI} HEIDI ApTBOYTUSTS} 
“ssa 10 F100 38 OOT WO UOIEPIP A[UBOYFUST Ss 
*€IT 98¢ «PhS G2z‘t | £99 +081 L¥0 ‘8 | +*28 cre ‘p | oc6‘e | (666-100) | sesneo [TV 
«9ST L¥V «ol 68 +9 86 cee «6S Zg¢ LZe NE ne aous{olA ITAX 
t L «IT g¢ 9 60T ee «61 L8I 98 (G62-082) |° °° PeUyop-It pus Ajtueg TAX 
Z2l SL +02 9gT 96 4611 SIT «bl 161 ig a! (922-092) | Aouvyut AV AX 
981 8Z +061 02 ge g01 Lg Lat 0g se (6G2-0GL) |* “UoNvuLsOJ[eUL [eyUEsUOH ATX 
t i t z T t ¢ t L g eee) Po ee quoul 
-dA0OUl jo suBvZi0 pus souog IIx 
t T t z T t z t g g (912-069) |° °° ensst} BMTe0 paw uryg TTX 
«008 9 69 9% gl — — — —_ — (689-0'9) |‘ winsediond puv Aouvuseig TX 
Sel I «68 9F si «8ST 08 *Z9 £02 921 (299-069) |''° "°° °° ‘Aveupmozyued) X 
69 9% «98 0g gI «961 1g «PST 991 GSZ taeeeuee) i °° °°” wioyshs oArysosiqT XI 
«SPT 6% «69 88 eF «991 6IT aLl CGZ 961 | (L2S-OLF) | woyshs Aroysstdsoy [ITA 
26 OFT «9B 16% Fel g0T 082 ‘T | «68 csp ‘t | sie‘t | (89h-OFF) | wia4shs ArOPeNIITY TIA 
SIT 9¢ «6P Pel 99 «611 C8Z «99 €2S 6e8 (g6g-088) | °°" Arosues pu’ snoaAJoN TA 
t Zz t P I SIT eI 29 ¥Z cI (9z8-008) |’ sesvosip [e}U0TT A 
t £ t 9 9 Ill | 6 16 It or (662-062) [°° 7 suBsio Zuyuioy-poold AT 
001 LI 41g 0g LI *OLT 9¢ «IST £9 66 (68Z-0FZ) |" oy ‘aujsoopue ‘AST IIT 
t ¥ t or g zal 6 oot II II "O18 ebheeeneeta uZlueg 
ZO 86 +8 6IT oot *o8l ZoP «61 6ZF ggg (coz-OFT) | queusiey 
Tol eor 408 661 sor «IST 1s? 681 ort 999 eee) te wspjdoan II 
4ZbT $2 «18 IIl 43 «SP gIT «611 €0F 08h (gg1-100) |." ** onpiseied zw aarqoojuy J 
poeyoodxa poqyoodxe poyoodxa poyoodxe 
syysep jo ° SY}8IP JO} ny 0901 syyeep jo , |84989P JOl D099 
uNs rquinNn UWS iequinN Ae se jo UWS raquinN uWs zoquinN a ee pd equinu 
$3481 8o}BI OFIM sequin N $0} BI soyel oyTyM JoquinN -.. eu yap Jo asnvo pworg 
oyIYA JO SISeq UG | -UOT jo SIsuq uo ayIYA Jo sIseq UG | -UOT jo SIsvq UO yp 

















so[BUla,y 





so[B JN 











(8, WS) sors Appojsow pa 


fo sispq ay} Uo papadxa syzDap 








> of 
rere 

for 
949 
ths 
had 
ited 


Zipsppunzs 7UDIN 
‘sasnpo poo.g fiq 


are 
ited 
hat 


804 pun ‘sazrynuou pup sazrym saz 
‘gasnpour ‘gg-6761 Susanp sazD1g P 


Ig panuyQ Buown [96T 
aug 9y? ur 6 


PUD OGET Ut p2asa8go 8aF 
urprses asaury Buown papsoras SY} 


4 oYfrtoeds-abp 
paq—{ @14VvL 





Vol. 17, No. 5, November 1956 








ess. 


dif- 


lity 


ver. 
1ifi- 
ned 
1ese 
hite 


1ese 
lon- 
4e€ss 
lity 


A 


lity 
and 


ling 
lity 


lity 


will 


tes, 


e to 
ntly 
cti- 
vith 
1 to 
pri- 


igh 
line 
The 


titute 





"6 UBY} JOMOJ OI SYYBOP Pops0del pu’ poJodxo YyOq JI UMOYS JOU O1¥ 8, IWS 
“TS-0S6T 
89781 OFIYMUOU PUB O}IYM S94B}IG PozUL) JO sIS¥q 94} UO Wey} ZuOW pojoodxe syyvep puB ‘Zo-GFEI ‘WeMB]T pus 
8948S POUL OY} JO OSOUIYD OJ &,YIWY ‘Sesnvo pwoiq [wUOI}UeAUOD 10} puv sasn¥d [Te 103 APTBIIOP[.—'"| AUNOIa-LXa, 


G VOYs $69) 810 SyIOBP Peps0Ies PUD pel2edxe YIOg 4) PeINdwo> jou HWS, 





OlLVY ALINVLYON O3ZIGYVONVLS 


OILVY ALINVLYOW G3ZIGYUVONVLS 
002 oo! i) 
t 


243 ‘AQNWNOZUd IX 


3ON3 WIA TAK 

O3NIS30-TH ONY ALITINIS IKK 
AQNWAN' AlUV3 TE 

NOILLYNMOJ TVW WWLINJDNOD ZI 
AUVNIUN-OLINIO X 














007d 10 


Journal of the National Cancer Institute 


00) wou wend FEZ 
W34SAS 3AI1S3910 XT 
$00+0d 10 W31SAS AMOAVUIdS3Y DO 
WRISAS AMOLVINOMID I 


AMOSN3S ONY SNOAM3N IX 
«S3SV3S10 WiAN3W 
@SNVOUO ONINWOS-00078 AT 
243 "3NIUIOONS "AOUITIV IT 
WSV71d03N IF 

SNO1LI34NI 


OOl Woy 1020110 KS 


$80; 0 $00+d 10 
O01 wou jweseyye ON CRIES 


sasnw> Tw 








SMITH 


S31VW34 


JINIIONA TAK 

O3N1430-10' ONW ALOINGS IRE 
AQNVIN' AlUW2 AE 
NOLLVNYMOJ IVAN «TWLINZONOD TIE 
AUYNIUN-OLINZIO X 

W3ASAS 3AI1S3910 ZT 
WILSAS AvOLVuIdS3¥U IE 
W31SAS ABOLVINDNID TE 
AWOSN3S ONY SNOAUIN I 





titttstititittt 
Frastevety Sustesesrscstss 





243 ‘SNIMDOON] ‘ADUZTIV OT 
BERESE eres SwSv1¢d03N IX 
S3Sv3ISIC SNOILda4MI I 





RASS Ina s3snv> Tw 
03193dx3 Hiv30 


S37VW 
SHiv30 
S31VY 3LIHM 4O SISVG NO JO 3snNvd avous 





S31V¥ 3LIHM-NON 3O SISV8 NO 


2S61-6b6!I “SN 4O SLN3GIS3Y 3JSINIHOD ‘S3SNVD WV ‘ALITVLYON 


670 








tute 





CANCER IN THE CHINESE 671 


total cancer mortality for Chinese males of Hawaii is only 80 percent of 
that of the Chinese males of the United States, but the difference is not 
significant. For Chinese females, in contrast to the males, the mortality 
of residents of Hawaii is higher than that of United States residents, 
though not significantly higher, for practically every site. The total cancer 
mortality for Chinese females of Hawaii is 40 percent higher than that of 
the Chinese females of the United States, and this difference is of borderline 
statistical significance (P=0.02). Thus, for mortality attributed to 
individual cancer sites for Chinese of Hawaii compared to those of the 
United States, no significant differences could be demonstrated—with the 
possible exception that mortality due to cancer of the liver may be lower 
among Chinese males of Hawaii. It was therefore deemed advisable to 
combine the data from the 2 areas in all subsequent analyses. 

Table 2 presents the number of cancer deaths by site recorded among 
the Chinese of Hawaii and the United States and the deaths expected 
among them during the same period had they been subject to the white or 
nonwhite mortality rates for 1950 and 1951 (11). The resultant SMR’s are 
also shown in this table and, graphically, in text-figure 2 for sites which show 
interesting differences. 

It is seen that mortality attributed to all cancer is about 25 percent 
greater among Chinese males than among either white or nonwhite males 
and that it is markedly excessive for cancer of the pharynx and liver and 
biliary passages, primary or not stated to be primary or secondary. 
There is a marked deficit in mortality due to cancer of the prostate among 
Chinese males compared to white or nonwhite males. There are more 
recorded deaths from cancer of the rectum, pancreas, and lung and other 
parts of the respiratory system, as well as lymphosarcoma among Chinese 
males than expected on the basis of mortality of either white or nonwhite 
males. These differences are significant, however, only when compared 
to nonwhites. Another interesting comparison is a significantly higher 
mortality rate for cancer of the stomach among Chinese males than that 
recorded among white males, while the rate of the nonwhites is slightly, 
though not significantly, lower than that of the Chinese males. Similar 
differences are observed for cancer of the esophagus, but in this comparison 
the adjusted Chinese mortality is significantly lower (P<.0.05) than that 
of the nonwhites and not significantly higher than the white rate. Mor- 
tality attributed to cancer of the urinary organs is somewhat lower 
among Chinese males than among whites, but there is little difference 
between male nonwhite and Chinese rates. 

The total cancer-death rate for Chinese women is not significantly 
different from that of white or that of nonwhite females. However, there 
are significantly more deaths attributed to cancer of the pharynx and lung, 
and to leukemia, than expected on the basis of either the white or nonwhite 
rates. The adjusted mortality for cancer of the liver, although numeri- 
cally greater among Chinese females, is not significantly higher than that 
of white or nonwhite females. 

Among Chinese females, the mortality for cancer of the breast is not 
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significantly lower than that of either the nonwhites or whites. How- 
ever, Chinese women have a lower mortality rate for cancer of the uterus 
than nonwhites, and a higher, though not significantly higher, rate than 
whites. The SMR’s are practically the same for cervix as for fundus and 
unspecified parts of the uterus, in comparison with white and nonwhite 
female mortality. There were 14 deaths among Chinese females attrib- 
uted to cancer of the ovary, fallopian tubes, and broad ligament compared 
to 6.9 expected on the basis of nonwhite death rates and 9.5 if white rates 
had prevailed. 

It is interesting that although mortality for cancer of the pharynx 
(145-148) is markedly higher among Chinese in all comparisons, mortality 
attributed to cancer of the lip, tongue, salivary glands, and oral cavity 
(140-144) does not differ much from that of the whites or nonwhites. 


Discussion 


The results of the analyses of data here presented, comparing cancer 
mortality among Chinese of Hawaii and the United States with 
the mortality of whites and nonwhites of the United States, are consistent 
in many respects with relative-frequency data on clinical and pathologic 
material reported previously and reviewed by Steiner (12). Thus, among 
Chinese high mortality attributable to cancer of the pharynx and liver is 
borne out, as well as low mortality for cancer of the prostate. However, 
malignancies of the uterus are not excessive as compared to white rates 
and are lower among Chinese women than nonwhites. This finding is 
opposed to the high frequency for cancer of this site reported by others 
from clinical and autopsy series (1,8,13). 

Mortality for cancer of the liver appears to be somewhat higher among 
male Chinese of the United States than among those of Hawaii, suggesting 
a possible environmental factor, but the number of deaths is too small to 
place much significance on the difference. This is in line, however, with 
possible geographic variations within China noted by Steiner (12). 

Unfortunately no reliable mortality and population data are available 
from which death rates for large groups of Chinese can be computed so that 
they can be compared with the mortality rates of Chinese in America. 
Furthermore, the Chinese population of this country differs markedly 
from the whites or nonwhites in the proportions comprising different age 
groups as well as in the proportion of males to females. These factors, 
coupled with the factor of a relatively small Chinese population, combine 
to limit the reliability of comparisons of mortality among the Chinese with 
that of other races, especially mortality assigned to cancer sites where few 
deaths are recorded. Comparisons of mortality between segments of the 
Chinese population, e.g., those of Hawaii and the Continental United 
States, are similarly limited. 


Summary 


In this study the mortality recorded among the Chinese of America is 
compared to that of the white and nonwhite populations of the United 
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States. It was observed that the adjusted death rate for all causes was 
higher among Chinese of the United States than among whites and lower 
than among nonwhites, and the same differences existed for many of the 
broad causes of death. 

After observing that there was little difference between mortality rates 
for specific cancer sites among the Chinese of Hawaii and those of the 
United States, except for cancer of the liver among the males, the mortality 
experience of the 2 population segments was combined. Analysis revealed 
that Chinese males had a higher cancer mortality than white or nonwhite 
males, while no significant difference was observed for females. Among 
the Chinese, both sexes experienced markedly excessive mortality attrib- 
uted to cancer of the pharynx. Mortality for cancer of the liver was higher 
among Chinese than that of either whites or nonwhites but the difference 
was not significant for females. There were excesses in all comparisons 
for mortality attributed to cancer of the lung except the comparison with 
white male rates. Marked deficits were observed for mortality from 
cancer of the prostate as compared to white or nonwhite rates. No sig- 
nificant difference was noted between Chinese and white or nonwhite 
females with respect to mortality from cancer of the breast; for mortality 
from uterine cancer there was no significent difference between Chinese 
and white rate. For the latter site, however, the mortality rate for 
Chinese females was only 49 percent of the nonwhite rate. 


References 


(1) Bonne, C.: Cancer in Java and Sumatra. Am. J. Cancer 25: 811-821, 1935. 

(2) Wiisvur, D. L., Woop, D. A., and Witutett, F. M.: Primary carcinoma of the 
liver. Ann. Int. Med. 20: 453-485, 1944. 

(3) Strone, G. F., Pitts, H. H., and McPuees, J. G.: Primary carcinoma of the 
liver—twenty-five year study. Ann. Int. Med. 30: 791-798, 1949. 

(4) Martinez, E.: El c4ncer de la naso-faringe en los chinos. Bol. Liga contra 
c4ncer 15: 276-278, 1940. 

(5) Dicsy, K. H., Foox W. L., and Cuz, Y. T.: Nasopharyngeal carcinoma. Brit. 
J. Surg. 28: 517-537, 1941. 

(6) Martin, H., and Quan, S.: The racial incidence (Chinese) of nasopharyngeal 
cancer. Ann. Otol. Rhin. & Laryng. 60: 168-174, 1951. 

(7) Dunuap, A. M.: Malignancy of the nasopharynx and eustachian tube. Chinese 
M. J. 53: 68-71, 1938. 

(8) Hv, C. H., and Cu’rn, K. Y.: A statistical study of 2,179 tumors occurring in 
the Chinese. Chinese M. J. 50 (Supp. I): 43-63, 1936. 

(9) Bercovitz, N.: Cancer in Hainan, China. A supplementary statistical study 
of 451 cases with special reference to age, anatomical distribution, and etiology. 
Cancer Res. 1: 154-157, 1941. 

(10) Concer, K. B.: Racial incidence of prostatism in Hawaii: A report of 172 con- 
secutive cases. J. Urol. 58: 444-447, 1947. 

(11) U. 8. Pustic Hearts Service, NatTionat OrFicE oF Vitau Statistics: Vital 
Statistics of the United States. Annual reports for the years 1950 and 1951. 
Washington, D. C., U. 8. Government Printing Office, 1953 and 1954. 

(12) Srermver, P. E.: Cancer: Race and Geography. Etiological, environmental, 
ethnological, epidemiological and statistical aspects in Caucasoids, Mongoloids, 
Negroids and Mexicans. Baltimore, The Williams and Wilkins Co., 1954. 

(13) Maxwe tt, J. L.: The incidence of malignant disease in China. China M. J. 43: 

462-465, 1929. 











ie 





Studies on the Protein Binding of 
N-2-Fluorenylacetamide'! 


Heten M. Dyer and Harotp P. Morris,” Labora- 
tory of Biochemistry, National Cancer Institute,’ 
Bethesda, Maryland 


The demonstration by the Millers and their co-workers (/,2) that 
aminoazo dyes are bound by protein of the livers of rats fed carcinogenic 
azo dyes, and their suggestion that such protein binding may be an 
essential step in the ultimate carcinogenic process, led to the present 
investigation of protein binding of N-2-fluorenylacetamide.* The colori- 
metric diazotization methods of analysis for 2-fluorenamine and N-2- 
fluorenylacetamide (3,4) and for the metabolite N-2-(7-hydroxyfluoreny]) 
acetamide (5) would be expected to detect free rather than bound fluorena- 
mine compounds. It was decided, therefore, to administer the carcinogen 
tagged with isotopic nitrogen and to look for N“ enrichment of proteins 
isolated from the tissues. It has been observed that N” of the amino 
group of N™-2-fluorenylacetamide and C™ of N-2-fluoren-9-C"*-ylaceta- 
mide have essentially the same distribution in the tissues and excreta of 
the rat following gastric administration, suggesting that the molecule 
remains intact, during its metabolism in the animal body, with respect to 
the 2 and 9 positions (6,7). Moreover, no evidence has been found of the 
loss of more than a trace of nitrogen from 2-fluorenylacetamide during 
its passage through the body (7).5 The enrichment, therefore, of tissue 
proteins with isotopic nitrogen following administration of the tagged 
carcinogen would offer suggestive, although not absolute, proof of the 
binding of fluorenylacetamide or a structurally related metabolite. 
Concurrent with this investigation, strong evidence of such a binding 
has been furnished in the finding of bound radioactivity in tissue proteins 
following studies with N-2-fluoren-9-C"-ylacetamide (9,10). 

Since 2-fluorenylacetamide has a wide distribution in the body of the 
rat (6,7,11) and induces a large variety of tumor types, protein fractions 
from a number of different organs and tissues, including primary induced 

1 Received for publication July 23, 1956. 

3 With the technical assistance of Clara F. Smith. 

National Institutes of Health, Public Health Service, U. 8. Department of Health, Education, and Welfare. 

4 Other papers from this laboratory have referred to this compound as 2-acetylaminofluorene (2-AAF). Here- 
alter the name recommended by Chemical Abstracts, N-2-fluorenylacetamide, will be used. 

+ Excess isotopic nitrogen was not present in urea isolated from the N™rich urine of rats fed N"5-2-fluorenyl- 
acetamide. Ammonia aerated from the 0-25- and 24-48-hour samples of urine of 3 rats following N“5-2-fluorenyl- 


acetamide administration contained a trace to 0.05 percent of the total N" of the urine, and no isotopic nitrogen 
was detected in the ammonia from the 48-72-hour samples (8). 
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and transplanted liver tumors, were analyzed for isotopic nitrogen. Most 
of the analyses, however, were made on liver proteins from young adult 
male Buffalo rats following repeated administration of N*-2-fluorenyl- 
acetamide. For comparison, analyses were made on liver proteins of 
rats given equimolar doses of N"-2-fluorenyldiacetamide, 2-nitro-N- 
fluorene, and of the relatively noncarcinogenic N*-4-fluorenylacetamide 
(12,13). Binding of isotopic nitrogen by the liver proteins of female 
Buffalo strain rats, of A X C/9935 (Irish) strain rats, males and females, 
and of 2 guinea pigs was investigated also under the same experimental 
conditions, following administration of N**-2-fluorenylacetamide. In addi- 
tion, a preliminary investigation was made of the possibility of protein 
binding of N™ of some of these compounds in vitro. 


Materials and Procedures 


The aminofluorene derivatives enriched with 60 percent N™ * were 
administered repeatedly in propylene glycol by stomach tube and/or were 
incorporated in a diet of natural foodstuffs, #222 (12), and fed ad libitum. 
In all but one group of rats that received N-2-fluorenylacetamide incorpo- 
rated in the food for periods longer than 2 weeks nonisotopic material 
was used up to the last 2 weeks, when the N™-tagged carcinogen was 
substituted. 

In the first experiment rats were killed at time intervals of 6 and 24 
hours and 1 and 5 weeks following the last of thirteen 10 mg. doses of 
N*-2-fluorenylacetamide per 100 gm. body weight administered by 
stomach tube at intervals of 2 to 3 days. Thereafter, several schedules 
of administration were followed in an effort to increase the concentration 
of isotopic nitrogen bound by the proteins. The rats in the later ex- 
periments were killed 18 to 24 hours after receiving the carcinogen, with 
2 exceptions of 48-hour intervals. One group of animals was fed N*-2- 
fluorenylacetamide through the time of the appearance of tumors of the 
liver and/or the mammae. Histologic sections made from the tumors 
were examined and the tumors were classified by Dr. Clarence A. Velat,’ 
formerly of the Laboratory of Pathology of the National Cancer Institute. 

Preparation of crude protein fractions—The method used for the 
separation and washing of crude protein fractions followed, with some 
modifications, the acetate buffer extraction-heat coagulation procedure 
of Miller and Miller. The animals were anesthetized with ether, bled to 
death by cardiac puncture or decapitation, and the livers were perfused 
with 0.85 percent NaCl. In the first group of 8 rats whole livers were 
used. Thereafter, 4 gm. samples of liver and, where tissues other than 
the liver were used, 4 gm. of abdominal muscle, and S 4 gm. samples of 
tumors were extracted separately. The individual livers were often large 
enough to provide 2 samples. The briefly water-rinsed small intestine, 
which weighed approximately 4 gm., and the kidneys from each rat were 
treated separately, whereas the heart, spleen, sample of abdominal skin, 


$ The N-enriched fluorene derivatives were prepared for us by Dr. F. E. Ray and his associates of the Cancer 
Research Laboratory, University of Florida, Gainesville, Fla. (14-16). 
? Present address: Providence Hospital, Detroit, Mich. 
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lungs, and brain were pooled with the corresponding material of another 
rat that had received the same treatment. The weighed samples were 
minced and homogenized in distilled water, using glass homogenizers. 
The homogenates were diluted with acetate buffer, the final mixture per 
gm. of tissue containing 4 volumes of water and 5 volumes of 1 M sodium 
acetate buffer of pH 5. Extraction, with occasional stirring, was contin- 
ued in an ice bath for 1 to 1.5 hours before centrifugation. The superna- 
tant solution, combined with a first 0.5 M acetate buffer wash of the 
insoluble residue, was boiled on a hot plate for 3 minutes with constant 
stirring to coagulate the acetate-soluble proteins. The second acetate 
wash of the insoluble residue had been found to contain little, if any, 
heat-coagulable material. The insoluble residue was washed 2 more 
times with acetate buffer, using 10 volumes per gm. of original tissue for 
each wash. The coagulated acetate-soluble protein fraction was cen- 
trifuged and washed 2 times with acetate buffer. After washing with 
buffer the coagulated acetate-soluble protein fractions and the insoluble 
residues were washed 2 times with 95 percent ethano] at room temperature, 
after which they were placed in filter-paper thimbles and extracted 
with 95 percent ethanol continuously for 48 hours in a Soxhlet apparatus, 
then dried in a desiccator over H,SQ,. 

Determination of total and isotopic nitrogen.—The protein fractions and 
representative samples of the acetate and alcohol washes were analyzed 
for total and isotopic nitrogen. The nitrogen content was determined by 
a modified micro-Kjeldah] method and the titrated sample of ammonia 
was concentrated, oxidized to nitrogen gas, and prepared for analysis as 
previously described (7). The N“: N™ ratio of the nitrogen gas was 
determined in a Consolidated-Nier mass spectrometer. Duplicate and 
sometimes triplicate samples of the fractions (with exceptions due to 
lack of material) were analyzed for total ammonium nitrogen, and each 
sample of total ammonium nitrogen usually provided 2 samples of nitrogen 
gas for duplicate determinations of the N“ : N*™ ratios. 

Control values were obtained for corresponding materials from untreated 
rats. The atom percent excess N™ was calculated by subtraction of the 
atom percent air-free N™ of refereace-standard tank nitrogen from the 
atom percent air-free N“ of the experimental material. To determine 
the amount of excess N™ present in the sample as a result of administration 
of the carcinogen, the atom percent air-free excess N™ (over that of tank 
nitrogen) of the corresponding fraction from control rats was subtracted 
from the atom percent air-free excess N™ (over that of tank nitrogen) of 
the material from the treated animal. The difference, representing enrich- 
ment relative to the normal concentration of isotopic nitrogen in the 
tissue, was converted, for comparison, in one experiment, to the equivalent 
weight of the administered carcinogen which was responsible for the 
enrichment. 

Stability of the union of N™ with the protein material—To test the 

§ The titrated, concentrated samples containing indicator that have been used for the determination of total 


nitrogen give the same ratios of isotopic to total nitrogen as duplicate samples that do not contain the indicator 
of mixed methy] red and bromcresol green. 
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tightness of the binding of isotopic nitrogen by the proteins, liver fractions 
from 21 of the rats, after removal of portions for analysis, were re-extracted 
twice each, successively, with hot 50 percent ethanol, hot 92 percent 
acetone, and finally with ethyl ether. They were then reanalyzed for 
total and isotopic nitrogen. Samples of pooled crude proteins from 
livers were extracted 3 times with rubbing and standing in ethyl ether, 
hot acetone, hot pyridine, hot glacial acetic acid, hot 0.1 N HCl, or warm 
0.1 N NaOH. Much of the material dissolved in the NaOH. The 
supernatant solution from the centrifuged alkaline extract was treated 
with an equal volume of 6 percent trichloroacetic acid and the resulting 
precipitate was centrifuged, washed with alcohol, dried, and analyzed. 
Samples of pooled N™-enriched proteins from the livers of 4 rats fed 
N*-2-fluorenylacetamide were extracted with 20 percent aqueous, followed 
by 20 percent alcoholic, mercaptoethanol, for 4 hours at room temperature, 
with stirring and rubbing, and finally dried with ethanol and ether. 
Aqueous suspensions of isolated proteins and acetate buffer homogenates 
of liver from rats given N*-2-fluorenylacetamide were dialyzed for 72 
hours in running water at a controlled temperature of 9° C. After dialysis 
the suspended proteins were centrifuged and dried for analysis, and in- 
soluble and coagulated soluble fractions were prepared from the dialyzed 
homogenates. Other samples of the pooled material were extracted with 
20 percent Tween 80 or with aqueous 6.6 M urea, after which they were 
dialyzed in cold running water for 70 hours, centrifuged, and dried after 
washing with ethanol and ether. Some of the pooled liver proteins and 
some protein fractions of primary tumors and of a primary hepatoma 
(all of which appeared during the feeding of N-2-fluorenylacetamide) 
were refrigerated overnight ia 0.05 N NaOH. After centrifugation, the 
supernatant solutions were adjusted with HCl to a slightly acid pH 
(approximately 5.5) to the appearance of turbidity. The alkali-soluble 
reprecipitated fractions and the alkali-insoluble residues were washed 
with alcohol and with ether, dried in a vacuum desiccator, and analyzed 
for total and isotopic nitrogen. 

To investigate the solubility behavior of the N-containing material 
present in the proteins 2 samples each of the coagulated and the insoluble 
fractions from livers were digested for 18 hours by refluxing in 50 percent 
alcoholic KOH. The alcohol was distilled off at reduced pressure and 
the digested residues were taken up in small amounts of water and 
extracted with ether, repeatedly, in separatory funnels. Analyses were 
made of the evaporated ether residues and the aqueous extracts. Further 
fractionation of the alcoholic-KOH digests of proteins from the liver 
and small intestine of rats given N-2-fluorenylacetamide was attempted 
by neutralization of the digests with HCl, removal of the water-alcohol 
layer by distillation at reduced pressure, and extraction of the salt residue 
with ethanol. The ethanol residue, after evaporation of the extract in 
an atmosphere of nitrogen, and the alcohol-extracted salt residue were 
suspended in small amounts of water and extracted with ether. The 
final residues and water and ether extracts were analyzed separately. 
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In vitro studies—Homogenates and slices of rat liver were incubated 
with N-2-fluorenylacetamide, N"-2-fluorenamine, or 2-nitro-N”-fluorene. 
The substrates were prepared by stirring the carcinogens in boiling 
0.5 M acetate buffer at pH 5.2 or 5.8 and filtering while hot. Nine ml. 
of the warm filtered solutions were transferred to tubes into which were 
introduced the homogenates of 1 gm. samples of tissue in 1 ml. of H,0. 
Control tubes contained the buffer only as substrate. After incubation 
for 3.5 hours at 37° C. with occasional stirring or with constant rocking, 
the coagulated acetate-soluble protein fractions and the insoluble residues 
were isolated, washed, analyzed, and re-extracted in the same manner 
as those fractions from the livers of carcinogen-fed rats. For comparison, 
homogenates of rat kidney and homogenates and slices of transplanted 
liver tumors from rats, guinea-pig liver, and solutions of crystalline 
bovine-serum albumin were also used. 


Results 


The crude protein fractions.—Except for samples from the spleens and 
occasional fractions isolated from blood, which were tan, the crude, dry, 
coagulated acetate-soluble proteins were white and powdery and the in- 
soluble residues consisted of both fibrous and powdered material. The 
nitrogen contents of the fractions from all the tissues showed little varia- 
tion, having a mean of 14.3 percent (+ 0.025 S.E.). Both fractions 
lost 2 to 3 percent of their total nitrogen during re-extraction with hot 
organic solvents but there was little, if any, change in the concentration 
of isotopic nitrogen. 

The combined weights of the 2 protein fractions from rat liver averaged 
16 percent of the wet weight of the liver compared with an average of 
11.8 percent for the single dry powder reported by the Millers (1). As 
would be expected there was considerable variation among different 
tissues in the amounts of crude protein isolated—from 8 to 22 percent 
of the wet weight of the tissue. The dry soluble protein varied from 3 per- 
cent of the total protein for skin to 46 percent. for the primary hepatoma. 

No ash (sulfate method) was detectable in either the coagulated- 
soluble or the acetate-insoluble proteins from liver of rats. The total 
phosphorus (17) contents of the isolated crude liver proteins were 0.209 
percent for the soluble and 0.563 to 0.584 percent for the insoluble 
fractions.° 

N"® Enrichment of protein fractions from the liver.—Table 1 shows the 
amount of variation found in the concentrations of isotopic nitrogen 
in the isolated protein fractions from the livers of control rats and the 
slightly but consistently greater enrichment of the corresponding materials 
following the final dose of repeated administrations of N-2-fluorenyl- 
acetamide 6 and 24 hours and 1 week before the livers were removed for 
analysis. Text-figure 1 illustrates the decrease in concentration of excess 
isotopic nitrogen in the crude proteins with an increasing length of time 
between the last administration of the carcinogen and the removal of 

Mpa is expressed to Mrs. R. J. Koegel and to Mr. J. F. Williams for the analyses of ash and phos- 
pDorus. 


Vol. 17, No. 5, November 1956 








682 DYER AND MORRIS 


the liver for analysis. No enrichment was detectable after an interval of 
2 weeks. 


TABLE 1.—Effect of time on concentration of isotopic nitrogen in crude protein fractions 
from livers of rats following gastric administration of N*-2-fluorenylacetamide 





| | Atom percent excess N% * 











No. of rat Interval between final . 
dose and removal nein’ Acetate-insoluble 
of Meee acetate-soluble anthiies 
fraction 
14, 29-32, 97¢ | Controls . 00695+. 00014 | .00675+. 00028 
114, 115t ” | .00612+.00042 | .00570+. 00060 

7t 5 weeks | . 00680 . 00628 

st “ | 00634 | 00649 
109§ 2 weeks . 00750 . 00695 
113§ | «“ 00685 | 00675 
108§ 1 week | . 00906 . 00804 
112§ m | . 00900 . 00816 

1f . . 00966 . 00872 

2t - . 00936 . 00831 
110§ 24 hours . 01172 . 01078 
111§ | . . 01123 . 01092 
5t ” | . 01053 . 01040 

6t | we | . 01093 . 00964 

3t 6 hours | . 01174 . 01140 

4} | ” . 01050 . 01096 








*Atom percent excess N'5 represents the atom percent excess air-free N'5 of the sample over that of the tank 
nitrogen which was used throughout as a reference standard. Each figure is the average of values for 2-3 different 
analyses. The duplicate values differed from each other from 0 to 10 percent. Values for control animals are 
averages + S.E. of extreme values. 

tControl rats received no N-2-fluorenylacetamide, and tissues were analyzed concurrently with those from 
treated animals. 

tRats 1 to 8 received 13 doses each (2-3 weekly) of 10 mg. per 100 gm. body weight of N"‘2-fluorenylacetamide 
during a period of 5 weeks. 

§Rats 108 to 113 received 6 doses each during 2 weeks and were run with controls 114 and 115 2 years after rats 
1 to 8, 14, and 29 to 32. 
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TEXT-FIGURE 1.—Decrease in excess isotopic-nitrogen content of crude proteins 
from livers of rats following final dose of N-2-fluorenylacetamide. 
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Table 2 contains additional data from the first group of rats, in which 
whole livers were used for the isolation of the crude protein fractions. 
The amounts of total nitrogen of the soluble and the insoluble fractions 
were reasonably constant for the livers of all the animals. The total 
amounts of excess isotopic nitrogen, expressed for convenience as ug. 
of fluorenylacetamide present in both protein fractions 1 week after the 
last dose of N-2-fluorenylacetamide, are less than in the corresponding 
fractions from the rats that were killed 6 and 24 hours after the final 
dose of the carcinogen. There was a steady decrease in the amounts of 
isotopic nitrogen, presumably unbound by protein, in the acetate and alco- 
hol washes of the protein fractions from the livers of the rats that were 
killed 6 hours, 24 hours, and 1 week, respectively, after receiving the final 
dose of N™-2-fluorenylacetamide. 


TaBLE 2.—Recoveries of excess isotopic nitrogen from rat-liver proteins and washes 
following administration of N*-2-fluorenylacetamide* 





Total fractions from whole livers 





Hours 

be- ‘ 
No. | tween ————, Acetate-insoluble pm reap Alcohol washes 
= = protein fractions residues ecatahe weaken 





and re- 
cnet Total N as Total N% as Total N15 as Total N45 as 
nitro- nitro- nitro- nitro- 
of gen FAAT gen FAAt gen FAAT gen FAAT 
liver (mM) (ug.) (mM) (ug.) (mM) (ug.) (mM) (ug.) 





3 6 2.9 49 8. 0 128 3. 2 2 0. 4 75 
4 6 3. 0 37 8.1 116 3. 5 52 0. 4 62 
5 24 3. 5 44 8. 0 98 3. 2 24 0. 4 18 
6 24 3. 2 45 8.1 77 3. 1 23 0. 4 20 
1 168 3. 1 29 9.3 56 2.9 5 0.9 9 
2 168 3. 1 25 9.0 41 2. 6 9 SS 11 
































*Ten mg. of N'5-2-fluorenylacetamide per 100 gm. body weight was administered to each rat by stomach tube 
2-3 times weekly (13 doses) for a period of 5 weeks. 
t The atom percent excess of air-free N'5 over that of corresponding materials from control rats was used to 
calculate the amounts of N™ to be converted to equivalent weights of N-2-fluorenylacetamide as follows: 
atom % excess N'5 100 . 
mM N X ae x 0 @) X 223.262 (b) X 1,000 = calculated micrograms of N-2-fluorenylacetamide 
(FAA). 
(a) 60 = atom percent excess N" of N'5-2-fluorenylacetamide, 
(b) 223,262 = m, w. of fluorenylacetamide, 





The results of efforts to increase the isotopic-nitrogen contents of the 
crude protein fractions of the liver by varying the schedule of administra- 
tion of N*-2-fluorenylacetamide are summarized in table 3. The highest 
concentration of isotopic nitrogen was obtained when rats received by 
stomach tube 13 or 6 feedings, 10 mg. per 100 gm. body weight, and were 
killed at 6 or 24 hours after the final dose. The toxicity of 2-fluorenylacet- 
amide made undesirable the use of repeated, larger, or more frequent doses 
than those given in the first experiment. 

Although the ratio of the recovered N™ to the total nitrogen content 
of the fraction was usually a little greater in the coagulated than in the 
insoluble protein fraction from the same sample of liver, the total amount 
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of isotopic nitrogen was greater in the insoluble residue, which weighed 
from 65 to 75 percent of the sum of the weights of the 2 fractions. 

N® Enrichment of protein fractions of miscellaneous tissues — The number 
of rats and samples, the tissues that were analyzed, and the results of the 
analyses are summarized in text-figures 2 and 3. The N*® contents of 
fractions from the livers of the same rats are given in the text-figures for 
comparison with those from the other tissues. It is unfortunate that some 
of these rats were selected for analysis of miscellaneous tissues since 
subsequent analyses showed that the liver material from 5 of these groups 
that were given N-2-fluorenylacetamide incorporated in the diet had 
less enrichment than the livers of rats given larger doses of the carcinogen 
by stomach tube. Included in this series also was the only rat in our 
experience from which a fraction from the liver, the buffer-insoluble 
fraction from 1 rat, B, showed no evidence of enrichment following stomach- 
tube administration of the tagged carcinogen. The fractions isolated 
from liver usually had greater ratios of isotopic to total nitrogen than 
those fractions from any of the other tissues isolated from the same rats. 
The exceptions found were from brain tissue of group G, small intestine of 
group F, the soluble fractions of the spleens from group F and 1 sample of 
fibrin. There is evidence of some slight binding of isotopic nitrogen in 
the 1 discrete primary hepatoma and in the soluble fractions from subcu- 
taneously and intramuscularly transplanted hepatoma 3683, transplant 
generation 38, and cholangioma 3924A, generation 35. Re-extraction of 
the materials from the transplanted liver tumors with hot alcohol, acetone, 
and ether did not influence the small amounts of isotopic nitrogen present. 

N Enrichment of washes of protein fractions——The acetate washes of 
fractions from the livers, small intestines, and transplanted hepatoma 3683, 
and occasionally from the kidneys of rats that had received N™-2-fluorenyl- 
acetamide by stomach tube or feeding within 24 hours of sacrifice contained 
traces to small amounts of excess isotopic nitrogen, while the alcohol 
washes of these materials, and in several instances the alcohol washes of 
the fractions from blood and from lungs, contained significantly larger 
amounts of excess isotopic nitrogen than the washes of corresponding 
materials from control rats. The N™ : N“ ratios of the alcohol washes 
from liver, intestine, and kidneys were sometimes 3 to 10 times as great 
as the maximum ratios found in isolated liver fractions. The washes from 
fractions isolated from muscle, skin, and spleen, and usually from the 
blood, were not enriched. The excess isotopic nitrogen that was present 
in acetate and alcohol washes was presumably in material that was not 
bound by protein. ; 

N.2-Fluorenyldiacetamide and 2-nitro-N*-fluorene.—After administra- 
tion of these fluorene derivatives to 2 rats each, in 4 doses equivalent in 
moles to 10 mg. N-2-fluorenylacetamide per 100 gm. body weight, the 
same maximum amount of isotopic-nitrogen enrichment of the crude 
fractions from the livers was observed as with N-2-fluorenylacetamide. 

N"_4-Fluorenylacetamide.—Unlike the protein materials from the rats 
given N"5-2-fluorenylacetamide, the corresponding fractions from the 
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ATOM PERCENT EXCESS AIR-FREE N'° OF SAMPLE OVER AIR-FREE N'° OF TANK NITROGH 
- w KR o- - VN ~- @ = 
ss8ssssssess 0g88888s e885 


4(8) 4(4) 





(2) 1) 
3(6) 3(2) 
12 (24) (8) 
3(6) 


2(4) 


INTESTINE 


SMALL 


ABDOMINAL 


(2) 


Coagulated acetate buffer-soluble proteins, control rats 
Acetate buffer-insoluble proteins, control rats 





E=S555) Coagulated ocetate buffer-soluble proteins, /iver, w'2.2-tuorenylacetamide rats 


Bere) 





Acetate buffer-insoluble proteins, fiver, w’*-2-tluorenylocetamide rots 
GS Cooguioted acetate buffer-soluble proteins, miscellaneous tissues, w2- tivorenylacetomide rats 
Acetate buffer-insoluble proteins, miscellaneous tissues, w’~-2-torenylacetamide rats 
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NITROGE livers of 4 rats that received 6 doses of N-4-fluorenylacetamide by 
ee stomach tube during a period of 2 weeks showed little, if any, evidence of 
: binding of isotopic nitrogen. The alcohol washes from these fractions 
were enriched. 

Protein fractions from guinea pig.—Although the guinea pig appears to 
resemble the rat in the rapid excretion of diazotizable and hydroxylated 
metabolites (8) enrichment with isotopic nitrogen of the protein fractions 
of the livers of 2 pigs was even less than that in the rat after administra- 
tion by stomach tube of 1 dose to the first pig and 6 doses of 10 mg. N"-2- 
| fluorenylacetamide per 100 gm. of body weight to the second. The 
fractions from the livers of 2 untreated pigs varied from 0.00425 to 0.00493 
atom percent excess N™ over that of tank nitrogen, values that are lower 
than those of rat liver. In the fractions from pigs given carcinogen the 
extreme values were 0.00501 to 0.00722 with no apparent difference as a 
result of 1 or 6 doses. The average enrichment of 3 samples of liver from 
the first pig and 4 samples from the second was 0.0018 for the soluble 
ey and 0.0019 for the insoluble fractions, relative to the liver fractions of 
the control pigs. Bile, bladder, urine, and a sample of stomach contents 
of the second pig at the time of removal of the liver had atom percent 
excesses of isotopic nitrogen over tank nitrogen of 2.98, 0.88, and 0.11, 
respectively, while the alcoholic washes of liver proteins showed the same 
small degree of enrichment as corresponding washes from rats. The 
guinea pigs would not eat the food used for rats so the 2 species were com- 
pared on different diets, the guinea pigs having been fed rabbit pellets 
and cabbage. 

Firmness of the binding of the excess isotopic nitrogen to protein material.— 
Successive extractions of the materials from the livers of rats with the 
organic solvents, as described earlier, failed to result in any decrease in 


4 





Ll , . oot : : 
TEXT-FIGURE 2.—Comparison of isotopic-nitrogen contents of crude protein fractions 


of miscellaneous tissues with those of liver fractions from the same control rats or 
the same rats given N1-2-fluorenylacetamide. 


Numbers indicate number of rats used. Numbers in parentheses: number of 
samples of tissues fractionated into soluble and insoluble proteins. 


Letters designate groups of rats or the rat of Buffalo strain from which tissues 
were obtained and for which dosages follow: 


Group A: No isotopic nitrogen was administered to control rats. 

: 10 mg. per 100 gm. body weight by stomach tube 10 times in 1 month. 
: 0.025 percent incorporated in diet for 110 days, followed by 10 mg. per 
100 gm. body weight by stomach tube 3 times in 10 days. 

: 0.025 percent incorporated in diet for 5 to 6 months, 

. ‘cc “ce “cc “cc “ “cc 40 days. 

“ee “es “ “ “cc “ 8 days. 


i * - « «110 days, followed by 0.05 percent 
for 7 to 21 days. 
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ATOM % EXCESS AIR-FREE N'SOF SAMPLE OVER 
AIR-FREE N'S OF TANK NITROGEN 


o 888s § s 8 8 8 
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adenocarcinoma, 4 (5) 
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Hepatoma, = 
3683 3 (5) 
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Liver 


Cholangioma, 


2 (5) 
3924A 





Coagulated acetate buffer-soluble proteins, liver 
SSS Acetate buffer-insoluble proteins, liver 


Excud Coaguiated acetate buffer-solub/e proteins, tumors 





LLLLZZ4 Acetate buffer-insoluble proteins, tumors 


TEXT-FIGURE 3.—Comparison of isotopic-nitrogen contents of crude proteiu fractions 
from tumors and from the livers of the tumor-bearing rats following administration 
of N5-2-fluorenylacetamide. 


Numbers indicate number of rats used. Numbers in parentheses: number of 
samples of tissue fractionated into soluble and insoluble proteins. 


Letters designate groups of rats or the rat from which the tissues were obtained, 
for which the strains and dosages follow: 
Group D of Buffalo strain: 0.025 percent incorporated in diet for 5 to 6 months. 
H of A X C/9935 (Irish) strain: 10 mg. per 100 gm. body weight by stomach 
tube 4 times in 10 days. Subcutaneous and intramuscular transplants. 


Histologic examination of tumors by Dr. Clarence A. Velat. 


the N® content. The concentrations of N™ in the recovered trichloro- 
acetic acid precipitates from warm NaOH solutions were the same as in 
the original material. Dialysis of water suspensions of the isolated liver 
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proteins of rats given N™-2-fluorenylacetamide and dialysis of aliquots 
of the homogenates of liver samples before separation of the soluble and 
insoluble fractions had no effect on the isotope content. There was 
evidence of some loss of isotopic nitrogen after treatment with urea, with 
Tween 80, with mercaptoethanol, and following reprecipitation by acid 
from hot NaOH solution. The differences, however, in the amounts of 
enrichment after the latter extractions were very slight. 

In the preliminary study of the solubility of the isotopic nitrogen- 
containing material after alcoholic alkaline hydrolysis of pooled crude 
proteins, excess N™ was detectable only in the aqueous layer following 
repeated extractions of an aqueous suspension of the evaporated, unneu- 
tralized digest with ether. Attempts to further fractionate neutralized, 
in vacuo-dried alcoholic alkaline digests of fractions from the liver and 
from the small intestine resulted in the distribution of questionable 
enrichment in the aqueous and ether extracts and in the extracted residues. 

In vitro studies —With concentrations of N™-2-fluorenamine of 50 ug. 
or of N"-2-fluorenylacetamide of 35 ug. per ml. of substrate the protein 
fractions were found to contain 0.008 to 0.013 atom percent excesses of N 
over that of tank nitrogen, values that are similar to those of corresponding 
fractions isolated from the livers of rats following administration of the 
carcinogen. However, homogenates that had been heated in a boiling 
water bath for 5 minutes before transfer to the fluorenyl substrate some- 
times yielded insoluble residues that were enriched to the same extent as 
fractions from unboiled homogenates, and the isotopic nitrogen could 
not be removed by additional re-extractions with organic solvents. 

Relatively large concentrations of isotopic nitrogen were found in alcohol 
washes of the fractions, even from those that were isolated following pro- 
longed water dialysis of the homogenates after incubation in the substrates. 

The heat-coagulated protein from a 1.5 percent solution of crystalline 
bovine-serum albumin that had been incubated under the same experi- 
mental conditions and at the same time as rat-liver homogenates in sub- 
strates of N"-2-fluorenamine or N™-2-fluorenylacetamide bound insig- 
nificant amounts of isotopic nitrogen, if any, having values of 0.00463 atom 
percent excess N™ over tank nitrogen in acetate buffer alone and 0.00537 
after incubation with the carcinogen. When the albumin was coagulated 
before suspension in the substrate and incubation no evidence of binding 
was detected. 

Unlike the in vivo results with N-4-fluorenylacetamide, protein samples 
showed approximately the same enrichment with isotopic nitrogen after 
incubation with this relatively noncarcinogenic compound as after incuba- 
tion with N™-2-fluorenylacetamide. The acetate substrates contained 
280 to 350 ug. of the 4-fluorenylacetamide and 50 to 70 ug. of the 2- 
derivative. 

The protein fractions of homogenates and of slices from hepatoma 3683, 
transplant generation 43, and cholangioma 3924A,” after incubation in the 

© We wish to thank Dr. H. Kahler and Mrs. Haines of this Institute for the A X C (Irish) strain rats carrying 


38th-generation transplants of 3924A and for the Sprague-Dawley strain rats carrying 31st-generation intramuscular 
transplants of the Novikoff hepatoma. 
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labeled 2-fluorenamine or N-2-fluorenylacetamide, showed, approximately 
the same amount of enrichment with isotopic nitrogen as the correspond- 
ing fractions from the livers of the tumor-carrying A < C/9935(Irish) 
strain rats. In one series with materials from the Novikoff hepatoma," 
little, if any, excess isotopic nitrogen was present in the isolated protein 
materials, and but little more in the coagulated soluble fractions from the 
livers of the Sprague-Dawley strain tumor-carrying rats, while the in- 
soluble fractions from the livers were enriched to the maximum extent ob- 
served in these materials. This was true with both N-2-fluorenamine 
and N®-2-fluorenylacetamide. 

In 3 experiments in which slices or homogenates of guinea-pig liver 
and of rat liver were incubated with N™-2-fluorenamine or N™-2-fluorenyl- 
acetamide, control values for theg uinea-pig proteins from buffer aJone var- 
ied from 0.00382 to 0.0055 and for the rat from 0.0060 to 0.0073. The pro- 
teins isolated from the N™-labeled substrates from both guinea-pig and rat 
liver had ratios that varied from slightly above the control values to 0.003 
atom percent excess isotopic nitrogen over that of their control fractions 
from buffer solution. 

Discussion 


Experimental evidence (6,7) has been cited to support the assumption 
that the nitrogen of N-2-fluorenylacetamide remains in the molecule dur- 
ing metabolism of the compound by the rat, at least with respect to the 
9-carbon, so that proof of binding of the nitrogen by tissue proteins may 
be interpreted as evidence for the binding of the carcinogen or a metabo- 
lite. The first series of analyses, made 4 years ago, indicated that there 
was binding of isotopic nitrogen by the crude proteins isolated from the 
livers of rats following gastric administration of N™-2-fluorenylacetamide. 
Experiments were started, using continuous feeding of the carcinogen for 
different periods of time or combining incorporation in the diet with ad- 
ministration by stomach tube, with the hope of effecting an increase in 
the amount of material bound. The results were disappointing but the 
details have been presented to support the conclusion that the nitrogen of 
N-2-fluorenylacetamide is bound to liver proteins in the rat and to dem- 
onstrate the serious limitations of the method due to the small amount of 
binding which takes place. The amounts of carcinogen accounted for by 
“protein bound” N” in the liver are approximately as great as the amounts 
of azo dye reported to be bound by rat-liver protein in azo-dye carcinogen- 
esis, but the large amount of protein nitrogen causes such dilution of the N™ 
of the carcinogen that the atom percent excess of isotopic nitrogen at 
maximum observed binding of the carcinogen is only 0.0045 greater than 
the concentration in control proteins from the livers of untreated rats. 
Such low N™: N™ ratios require tedious care in the analyses to avoid 1) 
contamination with the nitrogen from samples of higher N“ content and 
2) to keep the air content of the samples extremely low. 

During the course of this investigation one report has appeared in the 
literature in which the problem of protein binding has been studied with 


11 See footnote 10, p. 689. 
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material tagged with isotopic nitrogen. White, Cool, Stander, and David 
(18) observed a small accumulation of N™ in the livers of rats following 
the oral administration of p-dimethy]lphenylenediamine Jabeled with N™ 
in the free amine or the dimethylamine positions. The isotopic nitrogen 
disappeared from the liver in 24 and 48 hours. Since a large portion of 
the N™ could be removed by treatment of the alcohol-homogenized, de- 
fatted liver powder with hot trichloroacetic acid, the authors concluded 
that most of the compound found in the liver was definitely not bound to 
the liver protein in a stable protein-bound dye as is characteristic for 
N, N-dimethyl-p-phenylazo+ aniline (p-dimethylaminoazobenzene). 

The abundance of isotopic nitrogen in crude protein fractions isolated 
from the tissues of normal] rats and guinea pigs was higher than that of 
standard tank nitrogen. The acetate and alcohol washes from the pro- 
teins of the tissues of normal rats also contained between 0.006 and 0.007 
atom percent excess air-free N™ over that of standard tank nitrogen. The 
concentration of isotopic nitrogen was lower in the liver proteins of the 
untreated guinea pig than in those from the untreated rat. Such varia- 
tions found in concentrations of isotopic nitrogen in biologic materia] are 
in agreement with observations reported by other investigators (19, 20). 

Both protein fractions isolated from the livers of rats 6 and 24 hours 
after administration of N“-2-fluorenylacetamide contained small but con- 
sistent excesses of isotopic nitrogen compared with the corresponding 
fractions from untreated rats. Enrichment was still detectable 1 week 
after administration of the carcinogen but questionable after 2 weeks. 
This decrease in so-called bound nitrogen during a period paralleling the 
“expected life” of liver proteins supports the conclusion that there is a 
union of the proteins and the nitrogen of the carcinogen. 

Prolonged feeding of low but carcinogenic concentrations in the food 
resulted in somewhat lower ratios of isotopic to total nitrogen than did 
larger tolerated doses administered several times by stomach tube. 
Since the total amounts of carcinogen ingested were greater when in- 
corporated in the food the results suggest that the rate of intake may have 
some influence on the amount of binding. 

Twenty-four hours after administration of the last of 6 or of 13 re- 
peated doses of N-2-fluorenylacetamide, 10 mg. per 100 gm. body weight 
during periods of 2 and 5 weeks, respectively, the amount of N™ calculated 
as fluorenylacetamide accounted for 0.07 to 0.15 wg. per mg. of protein 
fraction. Miller and Miller (10), finding protein-bound C* distributed 
among the differentially centrifuged liver fractions from a rat fed N-2- 
fluoren-9-C'*-ylacetamide for 27 days, reported that total activity of the 
whole liver accounted for 77 ug. of the carcinogen. Miller and Miller (21) 
also recovered bound radioactivity from crude proteins of rat liver equal to 

0.02 yg. fluorenylacetamide per mg. of protein. This amount of bound 
material is less than the minimum amount detectable by the isotopic- 
nitrogen procedure. The single dose administered by them, however, was 
approximately one fourth that administered repeatedly in this study, 
22.7 mg. per kg. of body weight compared to 100 mg. The solvent and 
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the method of preparation of the protein fractions were also different. A 
quantitative comparison is, therefore, unjustified. Under experimental 
conditions similar to those used in the investigation of nitrogen binding, 
Weisburger, Weisburger, and Morris recovered bound radioactivity from 
the liver proteins equal to 0.06 to 0.09 ug. of N-2-fluorenylacetamide per 
mg. of protein 30 hours after a single dose (22) and a maximum of 0.19 
ug. 24 hours after the last of 4 doses of 10, 10, 10, and 7.1 mg. of N-2- 
fluoren-9-C"-ylacetamide to a rat (9). 

Observations made with isotopic nitrogen are supported by the data of 
Weisburger, Weisburger, and Morris (9,22) with radioactive N-2-fluor- 
enylacetamide: specifically, the calculated concentrations of bound fluor- 
enylacetamide, the slightly greater concentrations in soluble than in 
insoluble protein fractions, and the decrease in the amount of bound 
material in liver proteins 1 week after the final dose of the carcinogen 
compared with the amount present after 24 hours. By partition of the 
activity from a hydrolysate of bound protein between ethereal and 
aqueous layers, they also found that the material carrying the activity 
was to a large extent of the water-soluble type (9), an observation which 
is in agreement with the evidence reported herein of the preferential water 
solubility of isotopic nitrogen after digestion of protein fractions with 
alcoholic KOH. 

The low ratios of isotopic to total nitrogen found in liver fractions of 
rats following administration of N-2-fluorenylacetamide made it seem 
inadvisable to attempt to overcome the technical difficulties involved in 
the isolation of proteins of the normal mammary gland and the ductus 
acousticus externus, although the high incidence of N-2-fluorenylacet- 
amide-induced tumors in these tissues would have made them interesting 
for study. Failure to detect concentrations of isotopic nitrogen sig- 
nificantly greater than those in the tissue of normal control rats in the 
protein fractions from lungs, heart, spleen, skin, and muscle following 
N*-2-fluorenylacetamide may be due to the lack of sensitivity of the 
isotopic-nitrogen procedure. Weisburger, Weisburger, and Morris (22) 
recovered radioactivity in similarly prepared fractions from lungs, heart, 
spleen, kidneys, stomach, and small intestine following administration of 
a single dose of 9.18 mg. N-2-fluoren-9-C'*-ylacetamide. The radio- 
activity accounted for between 0.005 and 0.04 ug. of fluorenylacetamide 
per mg. of protein, concentrations that would give ratios of N® : N“ 
close to those of control fractions. The low ratios of N“: N™ in pro- 
teins from brain, primary mammary tumors, and transplanted liver 
tumors are unsuitable also for the detection of protein binding by the 
isotopic-nitrogen method. Since the liver proteins of the same rats 
showed some enrichment as a result of administration of the carcinogen 
it may be concluded that binding in these other tissues, if it does occur, is 
less than in the corresponding protein fractions from liver. The primary 
hepatoma appeared to have about the same small amount of enrich- 
ment as the fractions from surrounding liver. Before any significance can 
be attached to the low values for binding in the crude protein fractions 
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from primary and transplanted tumors, and indeed from many other 
tissues compared with liver proteins, more information must be available 
about the protein component(s) involved in the binding. Meanwhile, the 
possibility exists that a greater amount of binding occurs when a tissue is 
flooded with a carcinogen, a condition that may be limited to the liver 
following oral administration as a result of the absorbed material going 
directly from the intestinal tract to the liver by way of the portal vein. 

The preliminary observation that the same maximum amount of bind- 
ing of isotopic nitrogen of N*-2-fluorenylacetamide by liver proteins 
occurred in vitro as in vivo suggested that the same biologic mechanism was 
involved. Subsequent experiments, however, showed occasional in- 
consistencies under supposedly identical experimental conditions. A 
possible explanation of these inconsistencies in vitro may be related to the 
extreme variation in the relative amounts of coagulable soluble protein 
found in the substrates. The time for bleeding the animals and for per- 
fusion of the livers varied. The time of incubation and the temperature 
were kept constant and every effort was made to prevent autolysis by 
keeping the tissues in iced containers and by rapid homogenization or 
slicing. Greater extraction of soluble proteins would be expected to 
occur, however, with incubation for 3.5 hours than with the in vivo pro- 
cedure of extraction for 1 to 1.5 hours in an ice bath. If any autolysis 
occurred it might increase the amount of coagulable soluble protein 
extracted and any protein-bound carcinogen present might be diluted 
enough to prevent detection of the N™. 

Unlike the results of the in vivo studies, enrichment of the isolated pro- 
tein fractions was the same after incubation of rat-liver homogenates or 
slices with N-4-fluorenylacetamide as with the N-2-derivative and there 
was also enrichment of fractions from guinea-pig liver following incubation 
in the substrate. Heat-coagulated homogenates of rat liver sometimes 
showed enrichment after incubation with the isotopic nitrogen-tagged 
material. Under the same experimental conditions, bovine-serum albu- 
min, before or after heat coagulation, did not show significant enrichment. 
Hydroxylation of N-2-fluorenylacetamide or 2-fluorenamine was not 
detected colorimetrically (6) in the substrates nor in the alcohol washes 
of the precipitated protein fractions following incubation of rat-liver 
homogenates or slices for 0.5,3,or6 hours. Weisburger (23) and Gutmann 
and co-workers (24,25) reported the binding of radioactivity from N-2- 
fluoren-9-C*-ylacetamide by liver proteins in vitro. Gutmann, using incu- 
bation periods of 2 and 4 hours, concluded: 1) that oxidation of the 
carcinogen in the substrate was necessary to binding; 2) that slices showed 
greater ability to effect the oxidation than homogenates of liver; 3) that 
deacetylation, which occurs equally well in homogenates, was not neces- 
sary to binding. Weisburger demonstrated a progressive increase in the 
percentage of radioactivity incorporated in the proteins after incubation of 
liver homogenates in the substrate for 0, 2, and 22 hours under conditions 
where hydroxylation did not occur. A need for further investigation of 
protein binding of 2-fluorenylacetamide in vitro is indicated. 
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The absence of detectable enrichment with isotopic nitrogen of cor- 
responding fractions from guinea-pig liver, following administration of 
N*-2-fluorenylacetamide is in agreement with the observation of Miller 
and Miller (2/) that the livers of guinea pigs had approximately one 
tenth as much protein-bound C" as rat liver following administration of 
N-2-fluoren-9-C"-ylacetamide. This finding is interesting since the 
guinea pig has been found to be relatively resistant to the carcinogenic 
action of N-2-fluorenylacetamide (12,21,26) or 2-fluorenamine (27). 

The finding of similar enrichment of corresponding liver fractions from 
rats after administration of N-2-fluorenyldiacetamide and N"™-2- 
nitrofluorene as with N"-2-fluorenylacetamide is not surprising since 
there is some evidence that these carcinogenic fluorene derivatives have a 
common metabolic pathway (28). 

The failure of N'°-4-fluorenylacetamide to cause enrichment of the liver 
proteins with isotopic nitrogen following administration to the rat indi- 
cates that this compound or a metabolite is not bound under the same 
experimental conditions as the 2-derivative. Since 4-fluorenylacetamide 
has been found to show little, if any, carcinogenicity when compared with 
2-fluorenylacetamide (12) the failure to show binding appears to support 
the view that protein binding is associated with carcinogenesis. With few 
exceptions excellent correlation has been found between the protein 
binding of azo dyes and the carcinogenicity of the azo-dye hepatocar- 
cinogens (21) and between the protein binding of radioactive carbon in 
the skin of mice and the carcinogenic activity of a number of hydrocar- 
bons (29,30). Heidelberger and Moldenhauer (30) found also that inhibi- 
tors of carcinogenic activity of several hydrocarbons inhibited protein 
binding of the carcinogens. Exceptions have been observed, however, 
where structurally related noncarcinogenic compounds have been bound 
to the protein material (21,30). With noncarcinogenic dibenz[a,clan- 
thracene suggestive evidence was obtained that the sites of protein binding 
were different from those for the carcinogen dibenz[a,hJanthracene (30). 
Thus, with the facts available at this time it would be unreasonable to 
conclude that evidence for the binding of noncarcinogenic compounds 
with crude protein fractions precludes the theory of protein binding as a 
prerequisite to carcinogenesis. Proof, on the other hand, that a carcino- 
genic agent was not bound by the target-tissue protein would invalidate 
the theory but such evidence has not been reported. 

Since enrichment occurs in both the acetate-soluble and the insoluble 
fractions of the liver proteins, the binding cannot be limited to a specific 
protein. A recent report of Heidelberger and Davenport (31) that 6 
protein fractions from the skin of the mouse show binding of radioactivity 
after application of dibenz{a,hjanthracene-9,10-C™ serves to emphasize 
the possibility, recognized by Miller and Miller (2/), that not all the 
proteins that show binding need necessarily play a role in the carcinogenic 
reaction. In this connection, it is interesting that Sorof, Young, and Vogt 
(32) have found that one fraction of the electrophoretically resolved dye- 
binding “‘h”’ class of the soluble proteins of rat liver shows not only binding 
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of the dye but also an increase in the relative amount of the subcomponent 
with the feeding of 4-dimethylaminoazobenzene or its 3’-methyl deriva- 
tive. The carcinogens had been fed for 32 and 18 to 21 days, respectively. 
If “protein deletion” (2/) should prove to be essential in the carcinogenic 
process a decrease in the amount of this subcomponent would be expected 
to occur in a later stage of carcinogenesis. 

With the newer knowledge that the accumulated data from several 
sources have provided on the problem of the protein binding of carcinogens, 
it seems that the most important need at present to the understanding of 
the phenomenon with regard to the aminofluorene compounds is the 
discovery, identification, and characterization of the behavior of a specific 
protein involved in the carcinogenic activity. Unless such a specific 
protein should be found to bind greater amounts of the labeled carcinogen 
than the crude protein fractions that have been analyzed, further studies 
of protein binding of N-2-fluorenylacetamide by the isotopic nitrogen 
method would seem to be inadvisable. 


Summary 


The possibility of the binding of N-2-fluorenylacetamide, or a metabo- 
lite, by proteins of the tissues of rats was investigated by determining the 
N®:N" ratios of isolated crude protein fractions following oral or gastric 
administration of the isotopic nitrogen-tagged compound. 

Small but consistent excesses in the concentration of isotopic nitrogen 
were found in acetate-soluble and acetate-insoluble protein fractions from 
rat liver, but not from guinea-pig liver following administration of N™-2- 
fluorenylacetamide. Significant enrichment of the rat-liver proteins was 
found following N-2-fluorenyldiacetamide and 2-nitro-N-fluorene but 
not after the relatively noncarcinogenic N™-4-fluorenylacetamide. 

The ratios of isotopic to total nitrogen varied in acetate-soluble and 
acetate-insoluble protein fractions from blood, brain, lungs, spleen, heart, 
kidneys, small intestine, skin, and muscle from different groups of rats 
following administration of N™-2-fluorenylacetamide. The amount of 
enrichment, if there was any, was with rare exceptions less than that of the 
fractions from the liver of the host rat. The enrichment of liver protein 
fractions with N* following administration of N"-2-fluorenylacetamide to 
rats bearing the tumors was also greater than that of the proteins from 
primary mammary cancer, and from transplanted hepatoma and cholan- 
gioma, although there was evidence of some enrichment in the transplanted 
liver tumors. 

A similar small concentration of isotopic nitrogen was found in corre- 
sponding protein fractions isolated from homogenates and slices of liver 
that had been incubated in acetate buffer solution saturated, when hot, 
with N-2-fluorenylacetamide, N"-2-fluorenamine, or 2-nitro-N-fluo- 
rene. The combination of the isotopic nitrogen of these carcinogenic 
2-fluorenyl derivatives with the liver proteins in vitro appears to be rela- 
tively nonspecific, showing similar enrichment with rat liver, guinea- 
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pig liver, preboiled homogenates of rat liver, and rat liver incubated with 
N*-4-fluorenylacetamide. 

The experimental data support the conclusion that the nitrogen in posi- 
tion 2 of the molecule of administered N™-2-fluorenylacetamide is present 
in stable combination with proteins of the liver of the rat. 

The limitations involving the use of isotopic nitrogen in studies of 
protein binding have been discussed. 
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ANNOUNCEMENTS 


American Cancer Society Research and Personnel Grants 


Application forms for grants in support of research and of personnel for research 
of the American Cancer Society will be available early in November of 1956. Appli- 
cations received by the Society by January 1, 1957, will be acted on during the late 
winter and early spring. Grants recommended will normally become effective July 1, 
1957, unless some other arrangement is requested and approved. 

Investigators now receiving support will hear directly from the Society concerning 
application for renewal grants. 

Scientists interested in applying for new grants are invited to write to the American 
Cancer Society, Inc., 521 West 57th Street, New York 19, N. Y. Application blanks 
will be sent as soon as they are available. 

In the future, application deadlines will be January 1, May 1, and September 1. 
Grants recommended will become effective 6 months after the application deadline. 

American Cancer Society grants support research to increase knowledge about 
eancer. Applicants should state to what extent the studies on research they propose 
may accomplish this end. 

Types of grants available will include Project Grants, Program Grants, Institu- 
tional Research Grants, Contracts for Research, Post-doctoral Fellowships, Grants 
for Scholars in Cancer Research, and Grants for Additional Faculty-level Positions. 


National Institutes of Health—Applications for Research Grants 


The Public Health Service makes grants to encourage and support research investi- 
gations and training in health—medical and dental, sanitary engineering, and allied 
fields. Applications for new research projects may be submitted to the Public Health 
Service at any time. Those received between November 1 and March 1 will be 
reviewed by the appropriate National Advisory Council in June. Those received 
between March 1 and July 1 will be reviewed in October or November. Those re- 
ceived between July 1 and November 1 will be reviewed in February or March 
Notices of Council action will usually be mailed to applicants within 2 weeks after 
Council meetings. 

Applications may be obtained by writing to the Division of Research Grants, 
National Institutes of Health, Bethesda 14, Maryland. 
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